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PYKPtOT.TP TNONES 
15 P-i^lH of Tnvention 



The present invention relates to novel 
pyrrolidinones, pharmaceutical compositions containing 
20 these compounds and their use in treating allergic and 
inflammatory diseases and for inhibiting the production 
of Tumor Necrosis Factor (TNF) . 



Ra^frrnnnri n-F i-hp Invention 

Bronchial asthma is a complex, multifactorial 
disease characterized by reversible narrowing of the 
airway and hyperreactivity of the respiratory tract to 

external stimuli. 

It is now understood that the symptoms of 
chronic asthma are the manifestations of three distinct 
processes : 

1) an early response to antigen, 2) a delayed or late 
response to antigen, and 3) chronic inflammation and 
airway hyperreactivity- Cockcroft, Ann. Allergy 55:857- 
862, 1985; Larsen, Hosp. Practice 22:113-127, 1987. 
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The agents currently available (0-adrenoceptor 
agonists, steroids , methylxanthines , disodium 
cromoglycate) are inadequate to control the disease; 
none of them modify all three phases of asthma and 
5 nearly all are saddled with limiting side effects. Most 
importantly/ none of the agent s, with the possible 
exception of steroids, alter the course of progression 
of chronic asthma. 

Identification of novel therapeutic agents for 
10 asthma is made difficult by the fact that multiple 
mediators are responsible for the development of 
disease. Thus, it seems unlikely that eliminating the 
effects of a single mediator will have a substantial 
effect oh all three components of chronic asthma. An 
15 alternative to the "mediator approach" is to regulate 
the activity of the cells responsible for the 
pathophysiology of the disease . 

One such way is by elevating levels of cAMP 
(adenosine cyclic 3 1 , 5 '-monophosphate) . Cyclic AMP has 
20 been shown to be a second messenger mediating the 
biologic responses to a wide range of hormones, 
neurotransmitters and drugs (Robison et. .al. , Cyclic AMP 
Academic Press, New York, pgs. 17-47, 1971/ Krebs 
Endocrinology Proceedings of the 4th International 
25 Congress Excerpt a Medica/ pgs. 17-29, 1973). when the 
appropriate agonist binds to specific cell surface 
receptors, adenylate cyclase is activated which converts 
Mg 2+ -ATP to cAMP at an accelerated rate. The actions of 
cAMP are terminated by cyclic nucleotide phosphodi- 
30 esterases (PDEs) , which hydfolyze the 3 1 -phosphodiester 
bond to form 5 r -AMP, an inactive metabolite. 

Cyclic AMP modulates the activity of most, if 
not all, of the cells that contribute to the 
pathophysiology of extrinsic (allergic) asthma. As 
35 such, an elevation of cAMP would produce beneficial 
effects including : 



BNSDOCID: <WO 9219594A1_I_> 



WO 92/19594 



PCI7US92/03613 



- 3 - 



10 



1) airway sooth muscle relaxation, 2) inhibition of mast 
cell mediator release, 3) suppression of neutrophil 
degranulation, 4) inhibition of basophil degranulation, 
and 5) inhibition of monocyte and macrophage activation. 
Hence, compounds that activate adenylate cyclase or 
inhibit PDE should be effective in suppressing the 
inappropriate activation of airway smooth muscle and a 
wide variety of inflammatory cells. The principal 
cellular mechanism for the inactivation of cAMP is 
hydrolysis of the 3 ' -phosphodiester bond by one or more 
of a family of isozymes referred to as cyclic nucleotide 
phosphodiesterases (PDEs) . 

It has now been shown that a distinct cyclic 
nucleotide phosphodiesterase (PDE) isozyme, PDE IV, is 
15 responsible for cyclic AMP breakdown in airway smooth muscle 
and inflammatory cells. Torphy, "Phosphodiesterase 
Isozymes: Potential Targets for Novel Anti-asthmatic Agents" 
in ]^ptj nm OS fnr A.^.hma. Barnes, ed. IBC Technical Services 
Ltd. (1989) . Research indicates that inhibition of this 
enzyme not only produces airway smooth muscle relaxation, but 
also suppresses degranulation of mast cells, basophils and 
neutrophils along with inhibiting the activation of monocytes 
and neutrophils. Moreover, the beneficial effects of PDE IV 
inhibitors are markedly potentiated when adenylate cyclase 
activity of target cells is elevated by appropriate hormones 
or autocoids, as would be the case in asisa. Thus PDE IV 
inhibitors would be effective in the asthmatic lung, where 
levels of prostaglandin E 2 and prostacyclin (activators of 
adenylate cyclase) are elevated. Such compounds would offer 
a unique approach toward the pharmacotherapy of bronchial 
asthma and possess significant therapeutic advantages over 
agents currently on the market. 

The compounds of this invention also inhibit 
production of Tumor Necrosis Factor (TNF) , a serum 
35 glycoprotein. Excessive or unregulated TNF production 
is implicated in mediating or exacerbating a number of 
diseases including rheumatoid arthritis, rheumatoid 



20 



25 



30 
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spondylitis, osteoart.lirit.is, gouty arthritis and other 
arthritic conditions; sepsis, septic shock, endotoxic 
shocks gram negative sepsis, toxic shock syndrome, adult 
respiratory distress syndrome, cerebral malaria, chronic 
5 pulmonary inflammatory disease, silicosis, pulmonary 
sacroidosis, bone resorption diseases, reperfusion 
injury, graft vs. host reaction, allograft rejections, 
fever and myalgias due to infection, such as influenza, 
cachexia secondary to infection or malignancy, cachexia 
10 secondary to acquired immune deficiency syndrome (AIDS) , 
AIDS, ARC (AIDS related complex) , keloid formation, scar 
tissue formation, Crohn's disease, ulcerative colitis, 
or pyres is. 

TNF has been implicated in various roles with 
15 the human acquired immune deficiency syndrome (AIDS) . 
AIDS results from the infection of T lymphocytes with 
Human Immunodeficiency Virus (HIV) , It has now been 
discovered that monokines, specifically TNF, are 
implicated in the infection of T lymphocytes with HIV by 
20 playing a role in maintaining T lymphocyte activation. 
Furthermore, once an activated T lymphocyte is infected 
with HIV, the T lymphocyte must continue to be 
maintained in an activated state to permit HIV gene 
expression and/or HIV replication. It has also been 
25 discovered that monokines, specifically TNF, are 

implicated in activated T cell-mediated HIV protein 
expression and/or virus replication by playing a role in 
maintaining T lymphocyte activation. Therefore, 
interference with monokine activity such as by ihibition 
30 of monokine production, notably TNF, in an HIV-infected 
individual aids in limiting the maintenance of T cell 
activation, thereby reducing the progression of HIV 
infectivity to previously uninfected cells which results 
in a slowing or elimination of the progression of immune 
35 dysfunction caused by HIV infection. Monocytes, 

macrophages, and related cells, such as kupffer and 
glial cells, have also been implicated in maintenance of 
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the HIV infection. These cells, like T cells, are 
targets for viral replication and the level of viral 
replication is dependent upon the activation state of 
the cells. [See Rosenberg et al., The Immunopatho- 
5 genesis of hiv infection, Advances in Immunology, vol. 
57, (1989) ] . Monokines, such as TNF, have been shown to 
activate HIV replication in monocytes and/or macrophages 
[See Poli, et al., Erjgg. Matl , Acad. Sci., 87:782-784 
(1990)], therefore, inhibition of monokine production or 
10 activity aids in limiting HIV progression as stated 

above for T cells. 

It has now been discovered that monokines are 
implicated in certain disease-associated problems such 
as cachexia and muscle degeneration. Therefore, 

15 interference with monokine activity, such as by 
inhibition of TNF production, in an HIV-infected 
individual aids in enhancing the quality of life of HIV- 
infected patients by reducing the severity of monokine- 
mediated disease associated problems such as cachexia 

20 and muscle degeneration.. 

TNF is also associated with yeast and fungal 
infections. Specifically Candida Albicans has been 
shown to induce TNF production in vitro in human 
monocytes and natural killer cells. [See Riipi f»t a 1 . , 

25 Infection and Immunity, Vol. 58, No. 9, p. 2750-54 
(1990); and Jafari a 1 . . Journal of Infectious 
Diseases, vol. 164, p. 389-95 (1991). See also wasan &L 
al . , Antimicrobial Agents and Chemotherapy, Vol. 35, No. 
10, p. 2046-48 (1991) and Luke fit, al., Journal of 

30 Infectious Diseases, Vol. 162, p. 211-214 (1990)]. 

The discovery of a class of compounds which 
inhibit the production of TNF will provide a therapeutic 
approach for the diseases in which excessive, or 
unregulated TNF production is implicated. 

35 



BNSDOCID: <WO 9219594A1_I_> 



WO 92/19594 



PCT/US92/03613 



Summsry of the Tnvfintion 

This invention comprises benzyl pyrrolidinones 
represented by Formula (I) , and pharmaceutical 
5 compositions containing these compounds. 

This invention further constitutes a method of 
inhibiting phosphodiesterase IV in an animal, including 
humans , which comprises administering to an animal in 
need thereof an effective amount of a compound of 
10 Formula (I) . Phosphodiesterase IV inhibitors are useful 
in the treatment of a variety of allergic and 
inflammatory diseases including: asthma, chronic 
bronchitis, atopic dermatitis, urticaria, allergic 
rhinitis , allergic conjunctivitis, vernal 
15 conjunctivitis, eosinophillic granuloma, psoriasis, 

rheumatoid arthritis, septic shock, ulcerative colitis, 
Crohn's disease, reperfusion injury of the myocardium 
and brain, chronic glomerulonephritis , endotoxic shock 
and adult respiratory distress syndrome. In addition, 
20 PDE IV inhibitors are useful in the treatment of 

diabetes insipidus, (Kidney Int. 37:362, 1990; Kidney 
Int. 35:494, 1989) and central nervous system disorders 
such as depression and multi-inf arct dementia. 

This invention further constitutes a method of 
25 inhibiting the production of TNF in an animal, including 
humans, which comprises administering to an animal in 
need thereof, an effective amount of a compound of 
formula (I) . 

This invention also relates to a method of 
30 treating a human afflicted with a human immunodeficiency 
virus (HIV) , AIDS Related Complex (ARC) or any other 
disease state associated with an HIV infection, which 
comprises administering to such a human an effective TNF 
inhibiting amount of a compound of Formula (I) . 
35 The present invention also provides a method 

of preventing a TNF mediated disease state in an animal 
in need thereof, including humans, by prophylactically 
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administering an effective amount: of a compound of 
Formula I . 

The compounds of the present invention are 
also useful in the treatment of additional viral 

5 infections, where such viruses are sensitive to 

upregulation by TNF or will elicit TNF production in 
vivo . The viruses contemplated for treatment herein are 
those which are sensitive to inhibition, such as by 
decreased replication, directly or indirectly, by the 

10 TNF inhibitors of formula (I) . Such viruses include, 
but are not limited to; HIV-1, HIV-2 and HIV-3, 
Cytomegalovirus (CMV) , Influenza, adenovirus and the 
Herpes group of viruses, such as, Herpes Zoster and 
Herpes Simplex . 

15 The compounds of Formula I are also useful in 

the treatment of yeast and fungal infections, where such 
yeast and fungi are sensitive to upregulation by TNF or 
will elicit TNF production in VIVO- 

A preferred disease state for treatment is 

20 fungal meningitis. Additionally, the compounds of the 
Formula (I) may be administered in conjunction with 
other drugs of choice, either simultaneously or in a 
consecutive manner, for systemic yeast and fungal 
infections. Drugs of choice for fungal infections, 

25 include but are not limited to the class of compounds 

called the polymixins, such as Polymycin B, the class of 
compounds called the imidazoles, such as clotrimazole, 
econazole, miconazole, and ketoconazole; the class of 
compounds called the triazoles, such as fluconazole, and 

30 itranazole, and the class of compound called the 
Amphotericins, in particular Amphotericin B and 
liposomal Amphotericin B. 

The preferred organism for treatment is the 
Candida organism. The compounds of the Formula (I) may 

35 be co-administered in a similar manner with anti-viral 
or anti-bacterial agents. 
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The compounds of the Formula (I) may also be 
used for inhibiting and/or reducing the toxicity of an 
anti-fungal/ anti-bacterial or anti-viral agent by 
administering an effective amount of a compound of the 
5 Formula (I) to a mammal in need of such treatment. 
Preferably, a compound of the Formula (I) is 
administered for inhibiting or reducing the toxicity of 
the Amphotericin class of compounds/ in particular 
Amphotericin B. 
10 Dgt-ailgri Dggr-Hptiion o f the Invention 

The compounds of this invention are 
illustrated by the formula (I) 




wherein : 

Rl is Ci_i2 alkyl unsubstituted or substituted 
by 1 or more halogens, C3_g cyclic alkyl unsubstituted or 

25 substituted by 1 to 3 methyl groups or one ethyl group; 
C 4 _g cycloalkyl containing one or two unsaturated bonds ; 

c 7-ll polycycloalkyl, (CR 14 Ri 4 ) n C (0) -0- (CR 14 Ri 4 ) m -RiO/ 

(CR 14 R 14 ) n C (0) -O- (CR 14 R 14 ) r - R ll' <CRi 4 Ri 4 ) x OH, 

(CR 14 R 14 ) s 0 (CRx 4 R i 4 )nr R 10' <CRi 4 Ri 4 ) s 0 (CR 14 R 14 ) r -R 1X/ 

30 (CR 14 R 14 ) n ~ (C (0) NR 14 ) - (CR 14 R 14 ) m -R 10 / (CR 14 R 14 ) n - 

(C (O) NR 14 ) - (CR 14 Ri 4 ) r -Rn, (CRi 4 R 14 ) y-Rn, or 

(CR 14 R 14 ) 2 -R 10 / 

Xi is 0 or S; 
X2 is O or NR 14 ; 
35 X3 is hydrogen or X; 

X is YR2, halogen, nitro, NRi 4 Ri 4 , or formamide; 
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Y is O or S{0)m; 

r 2 is -CH3 or -CH2CH3, each may be 

unsubstituted or substituted by 1 to 5 fluorines; 

R3 is hydrogen, halogen, CN, Ci_4alkyl, 
halo-substituted Chalky 1, cyclopropyl unsubsti- 
tuted or substituted by R 9 , OR5, -CH 2 0R 5 , -NR 5 Ri 6 , 
-CH 2 NR 5 R 16/ -C(0)OR 5/ C<0)NR 5 R 16 , -CH=CR 9 R 9 , -C=CR 9 

or -C(=Z)H; 

r 3 . is hydrogen, halogen, Ci_4alkyl, halo- 
substituted Ci_ 4 alkyl, cyclopropyl unsubstituted or 
substituted by R 9 , -CH 2 OR 5 , -CH 2 NR 5 Ri 6 , -C (O) OR 5 , 
-C(0)NR5Ri6 or -C (=Z)H; 

A is 



15 



R>. 




or 



20 



25 



30 



35 



(a) 



(b) 



<c) Ci_3 alkyl unsubstituted or substituted by 
one or more fluorines or one or two R4 groups; 

m is an integer from 0 to 2, 

n is an integer from 1 to 4, 

q is "an integer from 0 to 1, 

r is an integer from 1 to 2, 

s is an integer from 2 to 4, 

x is an integer from 2 to 6, 

y is an integer from 1 to 6, 

z is an integer from 0 to 6; 

R 4 is independently hydrogen, Br, F, CI, -NR^Rgr 
NR 6 Ri 6 , N0 2 , -C(Z)R 7 , -S(0) m Ri 2 , CN, OR 16 , -OC (O) NR 5 Ri 6 , 
1 or 2-imidazolyl, -C (=NR 16 ) NR 5 R 16 , -C (=NR 5 ) -SR 12 , -OC(0)CH 3 , 
-C(=NCN)NR 5 Ri6/ -C(S)NR 5 Ri 6 , -NRi 6 ~C (0) -R15, C(0)Ri 5 , 
oxazolyl, thiazolyl, pyrazolyl, triazolyl or tetrazolyl; 
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or when R5 and Rig are as NR5R16 they may together with 

the nitrogen form a 5 to 7 membered ring optionally 

containing at least one additional heteroatom selected 

from 0, N or S; 
5 R5 is independently hydrogen or Ci-4alkyl, 

unsubstituted or substituted by one to three fluorines; 

R 6 is H, R 12 / -C(0)R 12 , -C(0)C(0)R 7/ -C(0)NR 5 R 16 , 

-5(0)^2, S(0) m CF 3 , -.C(=NCN)SR 12 ,-C(=NCN)R 12 / 
-C(=m 16 )Ri 2 ,-C(=NR 16 )SR 12 or -C (=NCN) NR 5 R 16 ; 
10 R7 is OR5, -NR 5 R 16 , or R 12 ; 

Rg is hydrogen, C(0)R7, (2-, 4- or 5- 

imidazolyl) , (3-, 4- or 5-pyrazolyl) , (4- or 5- 

triazolyl-U,2,3]), (3- or 5-triazolyl [1, 2, 4] ) , (5- 

tetrazolyl) , (2-, 4- or 5-oxazolyl) , (3~, 4- or 5- 

15 isoxazolyl), (3- or 5-oxadiazolyl [1, 2, 4] ) , (2- 

oxadiazolyl[l,3,4] ) , (2-thiadiazolyl [1, 3, 4] ) , (2- 

,4-, or 5-thiazolyl) , (2-, 4-, or 5-oxazolidinyl) , 

(2-, 4- r or 5-thiazolidinyl) , or (2-, 4-, or 5- 

imidazolidinyl) ; 
20 Rg is hydrogen, F or R^ 2 . 

RlO is hydrogen, methyl, hydroxy 1, aryl, 

* halo substituted aryl, aryloxyCi_3alkyl, halo 

substituted aryl oxyCi-3 alky 1, indanyl, indenyl, 

c 7-ll poly cycloalkyl, furan, pyran, thiophene, 

25 thiopyran, C3-6 cycloalkyl, or a C4_gcycloalkyl 

containing one or two unsaturated bonds, wherein the 

cycloalkyl and heterocyclic moieties may be 

unsubstituted or substituted by 1 to 3 methyl groups 

or one ethyl group; 
30 Rn is 2-tetrahydropyran or 2-tetrahydro- 

thiopyran, 2-tetrahydrofuran or 2-tetrahydrothiophene 

unsubstituted or substituted by 1 to 3 methyl groups or 

one ethyl group; 

R 12 ^ s Ci-4alkyl unsubstituted or substi- 

35 tuted by one to three fluorines; 

R^4 is independently hydrogen or a 

Ci- 2 alkyl unsubstituted or substituted by fluorine; 
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R 15 is Ci_4' alkyl unsubstituted or substituted 
by one or more halogens; -C(0)C 1 _ 4 alkyl, unsubstituted 
or substituted by one or more halogens; oxazolidinyl, 
oxazolyl, thiazolyl, pyrazolyl, triazolyl, tetrazolyl, 
5 imidazolyl, imidazolidinyl, thiazolidinyl, isoxazolyl, 
oxadiazolyl, thiadiazolyl, morpholinyl, piper idinyl, 
piperazinyl/ or pyrrolyl, and each of the heterocyclics 
may be unsubstituted or substituted by one or two Ci_2 

alkyl groups; 
10 Ri6 is 0R 5 or R 5' 

Z is O f -NRi2, ~N0R 5 , NCN, -C(-CN) 2 , 
-CR 5 N0 2 , -CR 5 C(0)ORi 2 f -CR 5 C(0)NR 5 R 5/ -C(-CN)N0 2 , 
-C(-CN)C(0)0R!2 or -C (-CN) C (O) NR5R5; 

or a pharmaceutically acceptable salt thereof; 
15 provided that m is 2 when Riq is OH in (CR 14 Ri 4 ) n-C (0) 0- 

(CR 14 Ri 4 ) m -RiO / (CR 1 4Ri4)n-(C(0)NR 1 4)-(CR 14 R 1 4) m -Rio / 
or C(Ri 4 Ri4) s O(CRi4Ri4) m RlO and further provided that 
at least one of the R4 or R 14 groups on (a) or (b) is not 
hydrogen when q is 0, R3, R31, R8 and X3 are H; X is OR2/ 
20 X 2 is 0 and X, is O or S . 

Also included in this invention are 
' pharmaceutically acceptable salt complexes of the 
compounds of this invention which can form salts. 

All defined alkyl groups can be straight or 

25 branched. 

The compounds of the present invention may 
contain one or more asymmetric carbon atoms and may 
exist in racemic and optically active forms. All of 
these compounds are contemplated to be within the scope 

30 of the present invention. The term "halogen" is used to 
mean chloro, fluoro, bromo or iodo. Alkyl groups may be 
substituted by one or more halogens up to being 
perhalogenated . 

By the term "cycloalkyl" as used herein is 

35 meant to include groups of 3-6 carbon atoms, such as 
cyclopropyl, cyclopropylmethyl, cyclopentyl or 
cyclohexyl . 
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By the term "aryl" or "aralkyl", unless 

specified otherwise , as used herein is meant an aromatic 

ring or ring system of 6—10 carbon atoms, such as 

phenyl, benzyl, phenethyl or naphthyl. Preferably the 

5 aryl is monocyclic, i.e., phenyl. 

Examples of C7-11 polycycloalkyl are 

bicyclo [2.2.1] -hepty 1 , bicy clo [2.2.2] octyl , 
bicyclo[3.2.1] octyl, tricyclo 5.2.1.0 2 ' 6 ]decyl, etc. 
additional exmaples of which are described in Saccamano 
10 et a 3 - , WO 87/06576, published 5 November 1987 whose 
disclosure is incorporated herein by reference in its 
entirety . 

Examples of rings when R5 and Rig in the 
moiety -NR5R15 together with the nitrogen to which they 

15 are attached form a 5- to 7 membered ring optionally 
containing at least one additional heteroatom selected 
from O/N/ and S include, but are not limited to 
1-imidazolyl, 1-pyrazolyl, 1-triazoly, 2-triazolyl, 
tetrazolyl, 2-tetrazoyl, morpholinyl, piperazinyl, or 

20 pyrrolyl ring. 

The invention further provides for the novel 
pharmaceutical compositions of the compounds of Formula 
I. 

The invention provides a method of inhibiting 
25 FDE XV which comprises administering to a subject in 
need thereof, a compound of Formula (I) . 

The invention further provides a method for 
the treatment of allergic and inflammatory disease which 
comprises administering to a subject in need thereof, an 
30 effective amount of a compound of Formula (I) . 

The invention also provides a method for the 
treatment of asthma which comprises administering to a 
subject in need thereof, an effective amount of a 
compound of Formula (1) . 
35 The compounds of Formula (I) are useful in 

treating, prophylactically or therapeutically, disease 
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states in humans which are exacerbated or caused by 
excessive or unregulated TNF production. 

Therefore, the present invention also provides 
a method for the inhibition of the production of tumor 
5 necrosis factor (TNF) in an animal in need thereof, 

including humans, which comprises administering to the 
animal in need of such treatment an effective amount of 
a compound of Formula I. 

By the term -inhibiting the production of TNF" 

10 is meant 

a) a decrease of excessive in xlxo. TNF levels 
in a human to normal levels or below normal levels by 
inhibition of the in xlim release of TNF by all cells, 
including but not limited to monocytes or macrophages ; 

b) a down regulation, at the translational or 
transcription level, of excessive In xiza TNF levels in 
a human to normal levels or below normal levels; or 

c) a down regulation, by inhibition of the 
direct synthesis of TNF as a postradiational event. 

By the term "TNF mediated disease states" is 
meant any and all disease states in which TNF plays a 
role, either by production of TNF itself, or by TNF 
causing another cytokine to be released, such as but not 
limited to IL-1, or IL-6. A disease state in which IL- 
25 1, for instance is a major component, and whose 

production or action is exacerbated or which is secreted 
in response to TNF, would therefore be considered a 
disease state mediated by TNF. 

By the term "cytokine" as used herein is meant 
any secreted polypeptide that affects the functions of 
other cells, and is a molecule which modulates 
interactions between cells in the immune or inflammatory 
response. A cytokine includes, but is not limited to 
monokines and lymphokines regardless of which cells 
produce them. For instance, a monokine is generally 
referred to as being produced and secreted by a 
mononuclear cell, such as a macrophage and/ or monocyte 



20 



30 



35 
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but many other cells produce monokines, such as natural 
killer cells, fibroblasts, basophils, neutrophils, 
endothelial cells, brain astrocytes, bone marrow stromal 
cells, epidermal keratinocytes, and {J-lymphocytes . 
5 I.ymphokines are generally referred to as being produced 
by lymphocyte cells. Examples of cytokines for the 
present invention include, but are not limited to 
Interleukin-1 (IL-1) , Interleukin-6 (IL-6) , Tumor 
Necrosis Factor-alpha (TNFa) and Tumor Necrosis Factor 
10 beta (TNFP) . 

A preferred subgroup of formula I is formula 

(lb) : 



15 




(lb) 



20 wherein: 

Rl is C4-C6 cyclic alkyl, unsubstituted or 

substituted by one to three methyl or ethyl groups; 
Ci_7 alkyl, unsubstituted or substituted by 1 to 3 
fluorines; - (CH 2 ) S C (O) O- (CH 2 ) m CH 3 ; - (CH 2 ) s 0 (CH 2 ) m CH 3 ; 
25 -(CH 2 ) s 0H; -CH 2 -cyclopentyl; -CH 2 -cyclopropyl or 

3 -t etr ahy dr o f ur any 1 ; 

s is 2 to 4; 
m is 0 to 2; 

X is -YR 2 , halogen, nitro, amine, Ci- 2 dialkyl- 
30 amine, Ci_ 2 monoalkylamine, or formyl amine; 
Y is O or S(0) m ; 

R 2 is -CH3 or -CH 2 CH3, each may be 

unsubstituted or substituted by 1 to 4 fluorines; - 
R 3 is H, CH3, CN, F, OH, -C=CR 9 or CF3; 

35 Xi is O or S; 

q is 0 or 1; 

R4 is independently hydrogen, Br, F, CI, 
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-NR5R16, N0 2 , -C(Z)R 7 / -S<0) ro Ci- 3 alkyl, CN, ORj.6, 
-OC(0)NR 5 Ri6.1 or 2-imidazolyl, -C (=NR 16 ) NR 5 R 16 , 
-C (=NR 5 )-SR 12 , -C(0)R 15 , -OC(0)CH 3 , -C (-NCN) NR5R16, 
-C(S)NR5Ri6 or -NH-C(0)-Ri5; 
5 r 5 is independently hydrogen or C 1 _ 4 alkyl 

unsubstituted or substituted by one to three fluorines; 

R 6 is H, R i2 , -C(0)Ri2, -C(0)C(0)R 7 / 
-C(0)NR 5 R l6 ; S(0) m CR 12 / -S(0) m CF 3/ -C (-NCN) SR12, 
C(=NCN)NR 5 Ri6. -C(=NCN)Ri 2 / or -C (=NR 16 ) Rl2'* 
10 R 7 is 0R 5 , NR5R16 or R 12 ; 

R 8 is H or -C(0)R7; 

R 9 is hydrogen, F or R3.2; 

Rl2 is Ci_4 alkyl unsubstituted or substituted 

by one to three fluorines; 
15 J Rl4 is H or a Ci_ 2 alkyl unsubstituted or 

substituted by one or more fluorines; 

Rl5 is C1-4 alkyl unsubstituted or substituted 
by one or more halogens; -C(0)C!- 4 alkyl, unsubstituted 
or substituted by one or more halogens; oxazolidinyl, 
20 oxazolyl, thiazolyl, pyrazolyl, triazolyl, tetrazolyl, 
imidazolyl, imidazolidinyl, thiazolidinyl, isoxazolyl, 
• oxadiazolyl, thiadiazolyl, morphollinyl, piperidinyl, 
piperazinyl, or pyrrolyl, and each of the heterocyclics 
may be unsubstituted or substituted by one or two C X - 2 

25 alkyl groups; _ 

R l6 is 0R 5 or R 5; or a Pharmaceutical^ 

acceptable salt thereof; 

Preferred compounds are those in which Ri is 

CH 2 -cyclopropyl, CH 2 -C 5 _6 cycloalkyl, C4-6 cycloalkyl, 
tetrahydrofuran, cyclopentenyl, -C^ alkyl optionally 
substituted by one or more fluorines or chlorines and 
-<CH 2 ) 2 _ 4 OH; X X and X 2 are oxygen, X is YR 2 and Y is 
oxygen; R 2 is a Ci_ 2 alkyl optionally substituted by one 
or more halogens, preferably fluorine or chlorine; one 
R 3 is hydrogen and the other R 3 is hydrogen, C=CR 9 , CN, 
C<=Z)H, CH 2 OH, CH 2 F, CF 2 H, or CF 3 ; Z is 0, NCN or NOR 5 ; 
R 3 . is hydrogen; X 3 is hydrogen; A is (a); R 4 is H, Br, 
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0R 16 , CN, NR 5 R 6 , N0 2 , C(0)R 7 , S(0) m R 12 , 1- or 2- 
imidazolyl, -OC(0)CH 3 or NHC(0)Ris; R 8 is C (0) OH, H or 
C(0)OEt; R 14 is hydrogen, CH 3 , NH 2 or NHC(0)CH 3 . 

More preferred are compounds in which R^ is 
Ci_4 alkyl substituted by 1 or more fluorines, 
CH 2 -cyclopropyl, CH 2 -cyclopentyl, cyclopentyl or 
cyclopentenyl; R 2 is methyl or fluoro substituted 
Ci_ 2 alkyl; R3 is hydrogen, C=CH or CN; and R4 is 
hydrogen, Br, NH 2 , -NHC(0)CH 3 , C(0)0H, -NHC (NCN) SCH 3 , 
-NHC(0)NH 2 , -N(CH 3 ) 2 , NHC (0) C (0) 0CH 3 , -NHC (0) C (0) OH, 
-NHS(0) 2 CH 3 , -C(0)OCH 3 , S(0) 2 CH 3 , SCH 3 , -NHC (0) C (0) CH 3 , 
S(0)CH 3 , -NHC(0)C(0)NH 2 , CN, C (0) NH 2 , NHS (0) 2 CF 3 , 
C(NH)NH 2 , 0-C(0)CH 3 , -C (0) N (CH 3 ) 2 , 1- or 2-imidazolyl, 
-NHC(0)CH 2 C1, -NHC (0) -oxazolidinyl, -NHC (0) -4,4- 
dimethyl-oxazolidinyl or OH. 

Most preferred are compounds wherein Rj is 
cyclopentyl, CF 3 , CH 2 F, CHF 2 , CF 2 CHF 2 , CH 2 CF 3 , CH 2 CHF 2 , 
20 CH 3 , CH 2 -cyclopentyl, CH 2 -cyclopropyl or cyclopentenyl; 
R 2 is CF 3 , CHF 2 , or CH 2 CHF 2 ; one R 3 is hydrogen and the 
other R 3 is hydrogen, C=CH or CN and is in the 
4 -posit ion; one R4 is hydrogen and the other is 
. NHC(0)CH 3 , NH 2 , NH-C(=NCN)SCH 3 , NHC (0) C0 2 CH 3 , C(0)OCH 3 , 
25 NHC(0)NH 2 , NHC (0) C (0) CH 3 , or NHC (0) C (0) NH 2 ; or wherein 
both R 4 groups are NH 2 or NHC(0)CH 3 ; Kg is hydrogen and 
Rl4 is hydrogen. 



10 



15 



Especially preferred are the following compounds: 

30 

1- (4-Aminobenzyl) -4- (3-cyclopentyloxy-4-methoxy- 
phenyl) -2-pyrrolidinone; 

1- (4-Acetamidobenzyl) -4- (3-cyclopentyloxy-4- 
35 methoxyphenyl) -2-pyrrolidone; 

1- (4-Oxamidobenzyl) -4- (3-cyclopentyloxy-4-methoxy- 
phenyl) -2-pyrrolidinone; 
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4- (3-cyclopentyloxy-4-methoxyphenyl) -1- (2,4- 
diacetamidobenzyl)-2-pyrrolidinone; 

4- (3-Cyclopentyloxy-4-methoxyphenyl) -1- (2,4- 
diaminobenzy 1 ) -2-pyrr olidinone ; 

1- (4-Carbomethoxybenzyl) -4- (3-cyclopentyloxy-4- 
methoxyphenyl) -2-pyrrolidone; 

4- ( 3-cyclopentyloxy-4-methoxyphenyl ) -1- ( 4-N • - [N-2- 
cyano-S-methyl-isothioureido]benzyl)-2-pyrrolidone; 

x _ (4 _ N _carbomethoxycarbamidobenzyl) -4- (3- 
cyclopentyloxy-4-methoxy P henyl)-2-pyrrolidone; 

4- (3- (Cyclopentyloxy-4-methoxyphenyl) -1- (4-N- 
[ureido]benzyl-2-pyrrolidone; and 

4- (3-Cyclopentyloxy-4-methoxyphenyl) -1- (4- 
20 pyruvamidobenzy 1 ) -2-pyrr olidinone . 

Most especially preferred are: 

(S) -1- (4-Aminobenzyl) -4- (3-cyclopentyloxy-4- 
25 methoxypheny 1 ) -2-pyrr olidinone ; 

(R) -1- (4-Acetamidobenzyl) -4- (3-cyclopentyloxy-4- 
roethoxyphenyl) -2-py rr olidinone; 



15 



30 



35 



(S) -1-4-Acetamidobenzyl) -4- (3-cyclopentyloxy-4- 
methoxyphenyl) -2-pyrrolidone; 

General Synthesis 

Compounds of the Formula (la) 
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(la) 



can be prepared by a process which comprises: 

10 

a) for compounds wherein R3 is H, R12 or cyclopropyl 
unsubstituted or substituted by R9 and X and X3 are other 
than S(0) m R2 (wherein m = 1 or 2) , Br, I, NO2 or formyl 
amine; reacting a compound of the Formula (2) 

15 

O 



20 




wherein X2R1, X and X3 respectively represent X2R1, X 
and X3 as defined in relation to Formula (I) or groups 
convertable to X2R1, X and X3; and Xi is H, with an 

25 appropriate malonic acid ester derivative, such as 
dimethyl malonate, in a suitable solvent, such as 
benzene or toluene, at reflux with or without an 
appropriate catalyst (e.g., titanium tetrachloride or a 
tertiary amine base with or without added acid) and/or 

30 with azeotropic removal of water under an inert 

atmosphere, to provide a compound of Formula (3) wherein 
Rl7 is an alkyl or aryl group and R18 is COOR17; 
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Reaction of such a compound of Formula (3) in a suitable 
solvent, such as an aqueous alcohol, at 25-90°C with a 
source of cyanide, such as sodium, potassium or tetra- 
alkylammonium cyanide, provides compounds of the Formula 

(4) 

?3 ° 



(4) 



10 




15 



20 



25 



30 



wherein R3« is H or COOR17, typically as a mixture. 

Alternatively, reaction of a compound of the 
Formula (2) with, e.g., carboalkoxy- or carboaryloxy- 
methylene trialkyl- or triarylphosphorane, provides a 
compound of the Formula (3) wherein Ri8 is H. Reaction 
of such a compound of Formula (3) in a suitable solvent, 
such as an aqueous alcohol, at 25-90°C with a source of 
cyanide, such as sodium, potassium or tetra- 
alkylammonium cyanide, also provides compounds of the 
Formula (4) wherein R3' is H. 

Alternatively, reaction of a compound of the 
Formula (3) wherein Ri8 is H with the anion of 
nitromethane generated from an appropriate base or in 
the presence of an appropriate catalyst, such as 
alkoxide, a tetraalkylguanidine or a quaternary ammonium 
halide, in an appropriate solvent, such as an alcohol or 
nitromethane, provides an ester compound of the Formula 
(5) 



35 




OR 17 



(5) 
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wherein R3 « is COOR17, which may be hydrolyzed and 

decarboxylated to provide a compound of the Formula (5) 
wherein R3' is H. Similarly , compounds of the Formula 
5 (5) wherein R3» is H, may be derived from first, 
1) reaction of a compound of the Formula (2) with 
nitromethane as described above to provide a compound of 
the Formula (6) 




followed by 2) further reaction of a such a compound of 
the Formula (6) with an alkyl or aryl acetate anion, 
20 generated at an appropriate temperature (e.g., -78 °C) in 
an appropriate solvent (e.g., tetrahydrof uran ) using an 
appropriate base (e.g., lithium diisopropylamide or 
lithium hexamethyldisilazide) . 

Alternatively, reaction of a compound of the 
25 Formula (9) (as described below) wherein R20 is H and R3 
is H, R12 or cyclopropyl unsubstituted or substituted by 
R9 with a strong base, followed by reaction with an 
appropriate alkyl or aryl a-halo carboxylate, such as 
methyl a-bromoacetate, will also provide a compound of 
30 the Formula (4) wherein R3 is H, R12 or cyclopropyl 
unsubstituted or substituted by R9. Reduction of the 
nitrile group of such compounds of the above Formula (4) 
or of the nitro group of the above similar compounds of 
the Formula (5) provides compounds of Formula (7) 

35 
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wherein R19 is H. Reaction of amines of the Formula (7) 
wherein R19 is H with an aldehyde in a suitable solvent, 
such as chloroform at reflux temperature, followed by 
reduction of the imine with, for example, sodium 
cyanoborohydride in the presence of an acid in methanol, 
provides compounds of the Formula (7) wherein R19 is 
CH2(CH2)mA; cyclization of such compounds of the Formula (7) 
15 then provides the corresponding compounds of Formula (la) . 

Alternatively, treatment of compounds of Formula (7) wherein 
R19 is H with or without a catalyst in an appropriate 
solvent with an appropriate activated alkylating agent, such 
as a halide, mesylate or tosylate, provides compounds of the 
Formula (7) wherein R19 is CHR8 (0) q (CH 2 )mA, which may be 
cyclized as above to the corresponding compounds of Formula 
(la) . In addition, cyclization of above compounds of the 
Formula (7) wherein R19 is H provides compounds of the 

Formula ( 8 ) 

O 



20 



30 



35 



R1X2 




N— B 19 

(8) 



X 3 

wherein R19 is H; reaction of appropriate compounds of the 
Formula (8) wherein R19 is H with a strong base, such as 
sodium hydride, followed by reaction of the generated amide 
anion with an appropriate activated alkylating agent, such 
as a halide, mesylate or tosylate, also provides the 
compounds of the Formula (la) . 
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b) for compounds wherein R3 is CN and X and X3 are 
other than _S(0)mR2 (wherein m = 1 or 2), Br, I, NO2 or 
f onuyl amine, a sequence beginning with reaction of a 
5 compound of the Formula (2) wherein R3 is H with a 

lithium halide and a silyl halide in an appropriate 
solvent followed by reduction with an appropriate 
reductant, such as a siloxane, provides compounds of the 
Formula (9) 




wherein X4 is chloro or bromo and R3 and R20 are H; 
alternatively, reduction of a compound of the Formula 
(2) wherein R3 is H with e.g., sodium borohydride in 

20 methanol, provides compounds of the Formula (9) wherein 
X4 is OH and R3 and R20 are H, which is reacted with, 
e.g., phosphorous trichloride, thionyl chloride, 
phosphorus tribromide, cupric bromide or carbon 
tetrabromide with triphenyl phosphine, to also provide 

25 compounds of the Formula (9) wherein X4 is chloro or 
bromo and R3 and R20 are H. Halide displacement by 
cyanide then provides compounds of the Formula (9) 
wherein X4 is CN and R3 and R20 are H, which is allowed 
to react with a strong base, such as a butyl lithium, at 

30 reduced temperature under an inert atmosphere and then 
may be a) treated with, e . g . , anhydrous magnesium 
bromide, and then reacted with, for example, 
trimethylsilyl isocyanate and appropriate workup, to 
produce compounds of Formula (9) wherein R3 is CONH2, 

35 R20 is H and X4 is CN or b) reacted with, for example, 
an alky 1 or aryl haloformate, such as methyl 
chlorof ormate, to produce compounds of the Formula (9) 
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10 



15 



wherein R 3 is COOR17, R20 is H and X 4 is CN; the COOR17 
group of such a compound may be transformed either at 
this or a later stage to a C0NH2 group by any of the 
standard techniques known in the art, such as reaction 
with concentrated ammonium hydroxide. 

Alternatively, a compound of the Formula (9) 
wherein R 3 is COORi 7 ,R20 is H and X 4 is CN may also be 
obtained by reaction of a compound of the Formula (9) 
wherein R 3 and R20 are H and X 4 is CN with a metal 
hydride, such as sodium hydride, in the presence of a 
dialkyl or diary 1 carbonate, such as dimethyl carbonate. 
Also, such compounds may be obtained by homologation of 
a compound of the Formula (2) wherein R3 is H to a 
compound of the Formula (9) wherein R 3 is COOR17 and X4 
and R20 are H by any number of known processes, such as 
reaction with methyl methylsulf inylmethyl sulfide and a 
base, e.g., sodium hydroxide, followed by treatment 
with, e.g., alcoholic acid. Generation of an anion of 
such compounds of the Formula (9) with a suitable base, 
followed by reaction with, e.g., cyanogen chloride or 2- 
chlorobenzyl thiocyanate, provides compounds of the 
Formula (9) wherein R 3 is COOR17, R20 is H and X 4 is CN. 
Generation of an anion from compounds of the Formula (9) 
wherein R 2 0 is H, X 4 is CN and R 3 is CONH2 or COOR i7 
25 with the appropriate base in an appropriate solvent 
followed by reaction with an alkyl or aryl a-halo 
carboxylate provides a compound of Formula (4) wherein 
R 3 is CONH2 or COOR17; reduction of the nitrile moiety 
of such compounds by, for example, hydrogenation with a 
noble metal or Raney nickel catalyst, provides compounds 
of the Formula (7) wherein R i9 is H and R 3 is CONH 2 or 
COOR17. The amine moiety of compounds of the Formula (7) 
wherein Rl9 is H and R 3 is CONH 2 is then protected to 
provide a compound of the Formula (7) wherein R19 is a 
protecting group, such as a t-butyloxycarbonyl group, 
and R 3 is C0NH 2 ; amide dehydration with, for example, 
trifluoroacetic anhydride, followed by protecting group 



20 



30 



35 
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removal then provides compounds of the Formula (7) 
wherein Rig is H and R3 is CN, which may then be 

transformed as described above for other compounds of 
the Formula (7) to the compounds of the Formula (la) 
5 wherein R3 is CN and X and X3 are other than S(0)mR2 
(wherein m = 1 or 2), Br, I, NO2 or formyl amine. 

c) compounds wherein R3 of Formula (I) is OR5 or F 
and X and X3 are other than S(0) m R2 (wherein m = 1 or 

10 2), Br, ' I, NO2 or formyl amine are prepared employing a 
sequence beginning with a cyanohydrin with the hydroxyl 
suitably protected as a silyl ether, an acetal, or an 
ester such as a t-BOC. Treatment of a compound of the 
Formula (2) wherein R3 is is H, R12 or cyclopropyl 

15 unsubstituted or substituted by R9 with, for example, a 

derivative of hydrocyanic acid provides the cyanohydrins 
of Formula (9) wherein R3 is H, R20 is OH and X4 is CN. 

Subsequent treatment of the Formula (9) compounds with a 
suitable protecting agent such as trimethylsilyl 
20 chloride, di-t-butyldicarbonate and a suitable base, or 
methyl vinyl ether or direct treatment of the Formula 
(2) compound with trimethylsilylcyanide and a Lewis Acid 
provides the protected cyanohydrin of Formula (9) in 
which R3 is H, R20 is the protected hydroxyl and X4 is 

25 CN. The protected cyanohydrin is treated with a strong 
hindered base, such as LDA, at reduced temperature under 
an inert atmosphere followed by reaction with, e.g., a 
bromoacetic acid ester and appropriate workup to produce 
a compound of Formula (4) wherein R3 is the protected 

30 hydroxyl and R3' is H. Reduction of the nitrile moiety 
of such compounds by, for example, hydrogenation with 
Raney nickel catalyst, provides Formula (7) compounds 
wherein R19 is H and R3 is the protected or unprotected 

hydroxyl. These Formula (7) compounds may be alkylated 
35 on nitrogen and cyclized as described above, then treated 
with diethylaminosulfur trifluoride to provide the 
Formula (la) compounds wherein R3 is F. 
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d) compounds of Formula (la) wherein R3 represents 
the remaining R3 groups of Formula (la) may be derived 
from the compounds of the Formulas (8) or (la) wherein 

5 R3 is CN by protection of the amide and other sensitive 
functionality, and manipulation of the CN function as, 
for example, reduction of the R3 CN moiety to CHO and 
functional group transformation of the CHO by any of the 
standard conditions well known in the art. 

10 „ some compounds of Formula (la) are prepared 

from other compounds of Formula (la) by appropriate 
manipulation of functional groups present in or as the 
A, X, Xi, X2R1, R3 °r R3' moieties. 

Compounds of Formula (la) wherein R3 is CF3, 

15 CHF2 or CH2F may be prepared from the corresponding 

Formula (2) compounds using the methods described above. 
The formula (2) compounds where R3 is CF3 are obtained 
by the method of Shono et al., J. Org. Chem., Vol. 56, 
pages 204 (1991) electrochemically from the Formula (2) 

20 compounds where R3 is H. 

Formula (2) compounds where R3 is CF3 or CF2H 
are obtained by treatment of compounds of the Formula (10) 



Brorl (10) 



25 Bl 3 ^^,^^/ 

X x 3 



30 with a metalling agent at -78°C followed by 

trifluoroacetic acid or dif luoroacetic acid by the 
method of Nad et al., Izvest, (1959) page 71; Chem. 
Abstr. vol. 53, No. 14977; and vol . 53, No. 17933 
(1959) . 

35 Formula (2) compounds where R3 is CH2F are 

obtained by treatment of the Formula (2) compounds where 



BNSDOC1D: <WO 9219594A1 J_> 



WO 92/19594 



PCT/US92/03613 



- 26 - 

R3 is CH3 according to the method of Rozen et al., 
Synthesis (6) 665, (1985) . 

For compounds wherein X is S(0) m Ri2, and m is 
1 or 2 the final compound is made from the -SR12 moiety 
5 by oxidizing the intermediate -SR12 product under 

conditions well known to those skilled in the art, after 
the appropriate CONH2 moiety in the synthetic sequence 

is dehydrated to the cyano moiety. For compounds where 
X and/or X3 are Br, I, nitro, amine or formyl amine, 

10 synthesis of these compounds is accomplished by any of 
the steps described above using a suitably protected 
amine as X and/or X3. Such protecting groups are known 
to those skilled in the art and are readily disclosed in 
Greene, T., Protective Groups in Organic Synthesis, 
15 Wiley Publishers, NY (1981) , the contents of which are 
hereby incorporated by reference. The deprotected amine 
is then appropriately acylated to the formyl amine 
moiety, oxidized to the NO2 moiety, or diazotized and 
displaced by methods well known to those skilled in the 
20 art to produce the desired Br or I moiety. 

With appropriate manipulation and protection 
of any chemical functionalities, synthesis of the 
remaining compounds of the Formula (I) is accomplished 
by methods analogous to those above and to those 
25 described in the Experimental section. 

In order to use a compound of the formula (I) 
or a pharmaceutically acceptable salt thereof for the 
treatment of humans and other mammals it is normally 
formulated in accordance with standard pharmaceutical 
30 practice as a pharmaceutical composition. 

Compounds of formula (I) and their pharmaceu- 
tically acceptable salts may be administered in standard 
manner for the treatment of the indicated diseases, for 
example orally, parenterally, sublingually, transdermally, 
35 rectally, via inhalation or via buccal administration. 
Compounds of formula (I) and their 
pharmaceutically acceptable salts which are active when 
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given orally can be formulated as syrups tablets, 
capsules and lozenges. A syrup formulation will 
generally consist of a suspension or solution of the 
compound or salt in a liquid carrier for example, 

5 ethanol, peanut oil, olive oil, glycerine or water with 
a flavouring or colouring agent. Where the composition 
is in the form of a tablet, any pharmaceutical carrier 
routinely used for preparing solid formulations may be 
used. Examples of such carriers include magnesium 

10 stearate, terra alba, talc, gelatin, agar, pectin, 
acacia, stearic acid, starch, lactose and sucrose. 
Where the composition is in the form of a capsule, any 
routine encapsulation is suitable, for example using the 
aforementioned carriers in a hard gelatin capsule shell. 

15 Where the composition is in the form of a soft gelatin 
shell capsule any pharmaceutical carrier routinely used 
for preparing dispersions or suspensions may be 
considered, for example aqueous gums, celluloses, 
silicates or oils and are incorporated in a soft gelatin 

20 capsule shell. 

Typical parenteral compositions consist of a 

solution or suspension of the compound or salt in a 

sterile aqueous or non-aqueous carrier optionally 

containing a parenterally acceptable oil, for example 

25 polyethylene glycol, polyvinylpyrrolidone, lecithin, 
arachis oil, or sesame oil. 

Typical compositions for inhalation are in the 
form of a solution, suspension or emulsion that may be 
administered as a dry powder or in the form of an 

30 aerosol using a conventional propellant such as 

dichlorodifluoromethane or trichlorof luoromethane . 

A typical suppository formulation comprises a 
compound of formula (1) or a pharmaceutical^ acceptable 
salt thereof which is active when administered in this 

35 way, with a binding and/or lubricating agent, for 

example polymeric glycols, gelatins, cocoa-butter or 
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other low melting vegetable waxes or fats or their 
synthetic analogues . 

Typical transdermal formulations comprise a 
conventional aqueous or non-aqueous vehicle , for example 
5 a cream, ointment, lotion or paste or are in the form of 
a medicated plaster, patch or membrane. 

Preferably the composition is in unit dosage 
form, for example a tablet, capsule or metered aerosol 
dose, so that the patient may administer to himself a 
10 single dose. 

Each dosage unit for oral administration contains 
suitably from 0.001 mg to 100 mg/Kg, and preferably 
from 0.01 mg to 30 mg/Kg, and each dosage unit for 
parenteral administration contains suitably from 0.001 
15 mg/Kg to 40 mg/Kg, of a compound of formula (I) or a 
pharraaceutically acceptable salt therof calculated as 
the free base. Each dosage unit for intranasal 
administration or oral inhalation contains suitably 
1-400 mg and preferably 10 to 200 mg per person. A 
20 topical formulation contains suitably 001 to 1.0% of a 
compound of formula (I) . Each dosage unit for rectal 
administration contains suitably 0.01 mg to 100 mg of a 
compound of formula (I) . 

The daily dosage regimen for oral 
25 administration is suitably about 0.01 mg/Kg to 40 mg/Kg, 
of a compound of formula (I) or a pharmaceutically 
acceptable salt thereof calculated as the free base. 
The daily dosage regimen for parenteral administration 
is suitably abut 0.001 mg/Kg to 40 mg/Kg, for example 
30 abut 0.001 mg/Kg to 40 mg/Kg, of a compound of the 
formula (I) or a pharmaceutically acceptable salt 
thereof calculated as the free base. The daily dosage 
regimen for intranasal administration and oral 
inhalation is suitably about 10 to about 1200 mg/person. 
35 The active ingredient may be administered from 1 to 6 
times a day, sufficient to exhibit antiinflammatory 
activity, or if used as a TNF inhibitor, the active 
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ingredient is administered in an amount sufficient to 
inhibit TNF production such that normal or subnormal 
levels are achieved which are sufficient to ameliorate 
or prevent the disease state. 

The biological activity of the compounds of 
formula I as in PDE IV inhibitors are demonstrated by 
the following tests. 
mhibifcars Eff e ct of Compounds of Formula I on EPS. IV 

I. Tcnlation Qf PHE Tgn7.vmp.s 

Phosphodiesterase inhibitory activity and 
selectivity of compounds is determined using a 
battery of five distinct PDE isozymes. The 
characteristics of these PDEs appear in Table 1. 
The tissues used as sources of the different 
isozymes are as follows: 1) PDE la, canine 
trachealis; 2) PDE lb, porcine aorta; 3) PDE Ic, 
guinea-pig heart; 4) PDE III, guinea-pig heart; 
and 5) PDE IV, human monocyte. PDEs la, lb, Ic and 
III are partially purified using standard 
chromatographic techniques (Torphy and Cieslinski, 
- Mol. Pharmacol. 22:206-214, 1990). PDE IV is 

purified to kinetic homogeneity by the sequential 
25 use of anion-exchange followed by heparin-Sepharose 

chromatography (Torphy et al . , J. Biol. Chem., 267: 
1798-1804 (1992)). 
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TABLE 1. Characteristics of PDE isozymes. a 



Peak 


Isozyme 


K m 


(mM) 






CAMP 


r.GVIP 


la 


cGMP-specific 


135 


4 


lb 


Ca2 + /calmodulin-stimulated 


50 


5 


IC 


Ca 2+ /calmodulin-stimulated 


1 


2 


III 


cGMP-inhibited 


0.4 


8 


IV 


Ro 20-1724-inhibited 


4 


38 



10 



a Data are from Torphy and Cieslinski, supra . 
b Nomenclature is from Beavo, Adv. Second 
Messenger 

Phosphoprotein Res. 22:1-38, 1988. 
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ii. pds Assay 



Phosphodiesterase activity is assayed as described 
in Torphy and Cieslinski, Mol. Pharmacol. 32:206- 
20 214, 1990. IC50S for compounds of this invention 

range from 25 nM to 500 JIM. . 
III. cAMP Accumulation in U-937 Cells 

25 The ability of selected PDE IV inhibitors to 

increase cAMP accumulation in intact tissues is 
assessed using U-937 cells, a human monocyte cell 
line that has been shown to contain a large amount 
of PDE IV. To assess the activity of PDE IV 

30 inhibition in intact cells, nondif f erentiated U-937 

cells (approximately 10^ cells /reaction tube) were 
incubated with various concentrations (0.01-100 JIM) 
of PDE inhibitors for one minute and 1 JIM 
prostaglandin E2 for an additional four minutes. 

35 Five minutes after initiating the reaction, cells 

were lysed by the addition of 1M potassium 
carbonate and cAMP content was assessed by RIA. A 
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general protocol for this assay is described in 
Brooker et al., Radioimmunassay of cyclic AMP and 
cyclic GMP, Adv. Cyclic Nucleotide Res., 10:1-33, 
1979. Data are expressed as both an EC50 for 
increases in cAMP accumulation as a percentage of 
the maximum response to rolipram produced by 10 mM 
of the test compounds . EC 50 s for compounds of this 

invention range from 0.030 (1M to >10 

Inhibitory Effect of Compounds of Formula (I) on TNF 
Production 

I. Inhibitory Effect of compounds of the Formula 
(I) on in gifcgfi TNF production by Human Monocytes 

The inhibitory effect of compounds of the 
15 Formula (I) on in vitro TNF production by Human 

Monocytes may be determined by the protocol as described 
in Badger «*f al. . EPO published Application 0 411 754 
A2, February 6, 1991, and in Hanna, WO 90/15534, 
December 27, 1990. 
20 II. In vivo actity 

Two models of endotoxin shock have been 
" utilized to determine in vivo TNF activity for the 

compounds of the Formula (I) . The protocol used in these 
models is' described in Badger et al ., EPO published 
Application 0 411 754 A2, February 6, 1991, and in 
Hanna, WO 90/15534, December 27, 1990. 

No unacceptable toxicological effects are 
expected when compounds of the invention are 
administered in accordance with the present invention. 

The following examples are illustrative, and 
not limiting of the compounds of this invention. 
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R-f+l- and .q-^^l-f4-BromobGn2vl)-4-(3-rycloppnt-yloxy- 

4-methPxyphenyl ) -2-ryrrplidinone 

5 a) 3 -Cy c 1 opent y 1 o xy- 4 -met ho xy ben zal deh y ri<=> A mixture 
of 3-hydroxy-4-methoxy-benzaldehyde (40 g, 0.2 6 mol) , 
potassium carbonate (40 g, 0.29 mol) and 
bromocyclopentane (32 mL, 0.31 mol) in dimethyl formamide 
(0.25 L) was heated under an argon atmosphere at 100 °C. 

10 After 4 h, additional bromocyclopentane (8 mL, 0.08 mol) 
was added and heating was continued for 4 h. The 
mixture was allowed to cool and was filtered. The 
filtrate was concentrated under reduced pressure and the 
residue was partitioned between ether and aqueous sodium 

15 carbonate. The organic extract was washed with aqueous 

sodium carbonate and dried (potassium carbonate) . The 

solvent was removed in vacuo and the residue was 

purified by flash chromatography, eluting with 2:1 

hexanes/ether to provide a pale yellow oil of 3— 

20 cyclopentyloxy-4-methoxybenzaldehyde (52 g, 89%) . 
Analysis Calc. for C13H16O3: C 70.89, H 7.32; 

found: C 70.71, H 7.33. 

b) Dimethy] f3-hvclopentvloxv-4-methoxvbenzylid^ftl- 

25 malonate A mixture of 3-cyclopentyloxy-4- 

methoxybenz aldehyde (22.3 g, 101 mmol), dimethylmalonate 
(17 mL, 101 mmol), piperdine (0.5 "mL, 0.861 mmol), and 
acetic acid (0.3 mL, 0.861 mmol) in a solution of 
benzene (50 mLO under an argon atmosphere was stirred at 
30 reflux with azeotropic removal of water. After six 

hours, the solvent was removed In vacuo, the residue was 
partitioned between ether and saturated sodium carbonate 
and extracted. The organic extracts were dried 
(potassium carbonate) and concentrated to provide an 
35 orange oil of the title compound (33.5 g, 100%), which 
as used without further purification. 
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c) MM 3=gyailQ=a= L2=C3£fiJ npentvl oxv-4- 
rt^^^ 1 ) 3 onatfi Dimethyl (3-cyclopentyloxy-4- 

methoxybenzylidene)-malonate (33.5 g, 101 mmol) was 
dissolved in methanol (250 mL) and was treated with 
potassium cyanide (6.7 g, 101 mmol) in water (5 mLO. 
The mixture was heated to reflux. After five hours, the 
solvent was removed in vacuo, the residue was 
partitioned between ether and sodium bicarbonate (5%) 
and extracted three times . The organic extracts were 
dried (potassium carbonate) and the solvent was removed 
in vacuo. The residual oil was purified by flash 
chromatography eluting with 25-40% ethyl acetate/hexanes 
to provide a white solid of the title compound (13.2 g, 
43%). 



d) Mf^v 1 no=2= f 3-cvd openrvl oxv-4- 

^^nyvohPTlY 1 ) sfautaaatfl Methyl 3-cyano-3- (3- 
cyclopentyloxy-4-methoxyphenyl) propionate (6.0 g, 19.8 

mmol) and 70% perchloric acid (1.95 mL) were added to a 
20 suspension of 10% palladium on carbon (0.9 g) in 

methanol (100 mL) . The mixture was hydrogenated at 50 
psi for 1.5 h, diluted with methylene chloride, filtered 
through celite and evaporated. The residue was 
partitioned between methylene chloride and dilute 
25 aqueous sodium bicarbonate and extracted three times . 
The organic layer was dried (potassium carbonate) . 
Solvent evaporation provided the amine (6.0 g, 100%) as 
a yellow oil. 

30 e) 4. n-rvri e r^yi r»w-4-mpf hoxvph^nvl > -2- 
pyrro 1 idinanfi 

A solution of methyl 4-amino-3- <3-cyclopentyloxy-4- 
methoxyphenyDbutyrate (6.0 g, 19.8 mmol) in toluene 
(100 mL) and a catalytic amount of sodium cyanide were 
35 refluxed for 20 hours. The solvent was removed in vacuo 
to yield a residue which was partitioned between 
methylene chloride and water and extracted two times . 
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The organic layer was dried (potassium carbonate) and 
evaporated to a solid. Purification by flash 
chromatography, eluting with 95:5 chlorof orm/methanol to 
provided a solid (3.7 g, 67%): m.p. 130 °C. 

5 

f ) (±j -and S= 1=1 zA=. nTvclQDentvloyv-4- 

Tnethoxyp hemvl) -2-pyr-T-olidincme Chiral separation of 4- 
(3-cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone was 
accomplished using preparative HPLC conditions with a 8 
10 cm x 55 cm column packed with 1.0 kg E. Merck cellulose 
triacetate (15-25 m) . ' The mobile phase of 95 :5 
ethanol /water eluted at a flow rate of 20 mL/min with 
injection of 1 g/30 mL at ambient temperature. 
Ultraviolet detection of the eluting product was 
15 employed at 254 nm. Retention times were 68 min for the 
S-(+) isomer and 86 min for the R- (-) isomer, with 
recovery of 88% (>99% ee) and 87% (>98% ee) , 
respectively . 

g) R-f+)- an d S- (4-Bromobenzyl> -4- ( 3- 

nyr;lnpen i-yloxy-4-TTiethoxyphenyl^ 2-pyrrolidinone In a 
separation reaction, a solution of chiral 4-(3- 
cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone (510 mg, 
1.85 mmol) in dry dimethylformamide (10 mL) under an 
argon atmosphere was treated with sodium hydride (62 mg 
of 80% dispersion, 2.04 mmol) at room temperature for 45 
minutes. To the mixture, p-bromobenzylbromide (509 mg/ 
2.04 mmol) was added in a solution of dimethylformamide 
(1 mL) and stirred for three hours . Water was added and 
the mixture was extract three times with ether. The 
combined extracts were dried (potassium carbonate) and 
the solvent was removed In vacuo. The residue was 
purified by flash chromatography, eluting with 9:1 
ether /methylene chloridere to provide a solid of the 
title compound (630 mg, 76.5%) : m.p. 100-102°C. 
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&nalgfiifi Calc. for C 2 3H26N0 3 Br: C 62.17, H 5.90, N 
3.15, Br 17.98; found: R-X-) C 62.01, H 5.88, N 3.16; 
S-(-) C 62.14, H 5.96, N 3.16, Br 18.21. 
[a] 25 (cl, methanol) - +50.4°C 
D 

[a] 25 (cl, methanol) • -48.1°C 
D 

EXAMPLE 2 

1 - fP on^ Y i > -4- n - nyni nnftnt.vi oyv-4-mernoyyptiftnvl) - 2 - 

ryr rAl idinone 



4- (3-Cyclopentyloxy-4-methoxyphenyl) -2- 
pyrrolidinone (689 mg, 2.5 mmol) was added to a 

15 suspension of sodium hydride (90 mg, 3.0 mmol of an 80% 
dispersion, washed 3 times with hexanes) in dry 
dimethylformamide (12 mL) , and stirred under an argon 
atmosphere. After 2.5 h, benzyl bromide (360 mL, 3.03 
mmol) was added and the reaction mixture was stirred at 

20 room temperature for 16 hours. Water was added to the 
reaction mixture and it was extracted with methylene 
chloride. The organic extract was dried (potassium 
carbonate) and concentrated. Purification by flash 
chromatography, eluting with 9:1 ether /methylene chloride 

25 provided a pale yellow oil of the title compound (548 mg, 
60.0%). 

analysis Calc. for C 23 H27N0 3 ■ 1/2H 2 0 : C 73.77, H 7.54, N 
3.74; found: C 73.52, H 7.18, N 3.72. 

30 EXAMPLE 3 

1 - M -r a rh n v Y ^7.vi ) -4- n-cvcloppntvl oxv-4- 

7-pyrrnl jdinone 

35 i -f4-p a rho v Y ^n7vl ) -4- on*=»nf vl oxv-4- 

mo ,v,nwnh.nvl ) -9-TwrrM i dJ none . 4- (3-cyclopentyloxy-4- 
methoxyphenyl)-2-pyrrolidone (200 mg, 0.73 mmol) 
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prepared as in Example 1 was added to a suspension of 
sodium hydride (90 mg of an 80% dispersion, 3 mmol) in 
dry dimethylformamide (5 mL) containing 15-crown-5 ether 
(100 mL) . The suspension was stirred under an argon 
5 atmosphere at room temperature until gas evolution 

slowed, and then it was heated at 50 °C for 5 minutes to 
provide a solution of the sodium salt. In a separate 
flask, chloromethylbenzoic acid (183 mg, 1.08 mmol) was 
dissolved in dry tetrahydrofuran (3 mL) and cooled to - 
10 78°C. n-Butyllithium (440 mL of a 2.5 N solution, 1.08 
mmol) was added dropwise to the acid and the solution 
was allowed to warm to 0°C. The solution of the sodium 
salt was added slowly to the lithium salt of the acid 
and the mixture was allowed to warm to room temperature. 
15 The resulting solution was poured into ice water, 

acidified with 3M hydrochloric acid and extracted with 
methylene chloride. The organic extracts were washed 
two times with water and dried (sodium sulfate) . The 
residue was purified by flash chromatography eluting 
20 with, 1:1 ether /methylene chloride containing 1% acetic 
acid. The title compound (94 mg, 32%), a solid, was 
recrystallized from ethanol/ether : m.p. 173 .5-175. 5°C. 
Analysis Calc. for C24H27NO5: C 70.40, H 6.65, N 3.42; 

found: C 70.26, H 7.63, N 3.40. 

25 

EXAMPLE 4 

S- <-) -1- (4-Aminobenzv3 ) -4- f 3-r;vrlop^nt yl oxy-4- 
methoxvphenyl) -2>pyrrn1 i dj non<=> 

30 a) S- <-) -1- (4-nitrobenzv] ) -4- ( 3-cyn3 opentyl ovy-4- 

inethoxyphenyl ) -2-pyrrol i di none s- (+) -4 (3- 
cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone (1.8 g, 
6.5 mmol) prepared as in Example 1 was added to a 
suspension of sodium hydride (196 mg, 6.53 mmol of an 
35 80% dispersion) in dry dimethylformamide (65 mL) 

containing 15-crown-5 ether (1.28 mL) . The suspension 
was stirred under an argon atmosphere overnight at room 
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temperature, and then heated at 50-60°C for 90 minutes 
to provide a solution of the sodium salt. 4- 
Nitrobenzylbromide (2.79 g, 12.9 mmol) wad dissolved in 
dry tetrahydrofuran (70 mL) and the solution of the 
sodium salt was added. The reaction mixture was stirred 
overnight and the tetrahydrofuran was removed in vacuo. 
The resulting solution was poured into ice water, 
acidified with 3M hydrochloric acid and extracted with 
ethyl acetate. The organic extracts were washed six 
times with water, dried J sodium sulfate) and evaporated 
in vacuo. The residue was purified by two flash 
chromatographies, first eluting with 1-2% 
methanol /chloroform then eluting with 3:1 ethyl 
acetate/hexanes to provide a yellow resin of the title 

15 compound (505 mg, 19%). 

• [a] 25 (0.61, methanol) = -48.5°C. 
D 

b) t-\ -1 - f4 -*nH nnhpnrvl ) -4- (3-CVrl DP^ntVl PXV-4- 

mo ^r,vyohpn Y i i -9- P vrro1 i riinone A solution of S-(-)-l- 
20 (4-nitrobenzyl) -4- (3-cyclopentyloxy-4-methoxyphenyl) -2- 
pyrrolidinone (450 mg, 1.1 mmol) in anhydrous 
tetrahydrofuran (9mL) was treated with ammonium formate 
(1.04 g, 16.4 mmol) and 10% palladium on carbon (127 mg) 
in a suspension of methanol (25 mL) . The suspension was 
stirred for three hours. The reaction was then filtered 
through celite and washed with methanol. The solvent 
was removed in vacuo and the residue was partitioned 
between methylene chloride and water. After extracting, 
the organic layer was washed two time with water, dried 
(potassium carbonate) and concentrated in vacuo. The 
resin was purified by flash chromatography eluting with 
a gradient of 50-75% ethyl acetate /methylene chloride to 
provide a colorless resin of the title compound (342 mg, 
81%) . 



25 
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AnalysjR Calc. for C23H28N2O3 - 1/5H 2 0 : C 71.92, H 7.45, 
N 7.29; found: C 71.97, H 7.60, N 7.28 

[a] 2 5 (0.63, methanol) = -72.5°. 
D 

5 

EXAMPT.E 5 

R- <+) -1- f4-Aminobenzyl> -4- (3-r.yr.l n pentyloxy-4- 
methoxvphenvl) -2-Pvrroliri j nong . g b 201158 

10 R- <+) -1- <4-r\ i trobenzvl 1 -4- (3-r.yr.l npe>nt yl ox-y-4- 
met-.tioxyphenyl ) -2-pyrrolidinone; R- (-) -4- (3- 
cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone (1 . 81 
mg, 6.57 mmol) prepared as in Example 1 was added to a 
suspension of sodium hydride (202 mg of an 80% 
15 dispersion) in dry dimethylf ormamide (65 mL) containing 
15-crown-5 ether (1.28 mL) . The suspension was stirred 
under an argon atmosphere overnight at room temperature, 
and then heated at 50-60°C for 90 minutes to provide a 
solution of the sodium salt. 4-Nitrobenzylbromide (2.79 
20 g, 12.9 mmol) was dissolved in dry tetrahydrofuran (70 
mL) and the solution of the sodium salt was added. The 
reaction mixture was stirred overnight and the 
tetrahydrofuran was removed in vacuo. The resulting 
solution was poured into ice water, acidified with 3M 
25 hydrochloric acid and extracted with ethyl acetate. The 
organic extracts were washed six times with water, dried 
(sodium sulfate) and evaporated in vacuo. The residue 
was purified by flash chromatography, eluting with 1-3% 
methanol/chlorof orm to provide a yellow resin (570 mg, 
30 21%) . 

[a] 25 (0.63, methanol) = +43.8°. 
D 



(+) -1- (4-Aminobenzvl ) -4- (3-rvnl opfintvl oxy-4- 
35 niethoxyphenyl W2-pyrroliriinnnft A solution of R- ( + ) -1-4- 
(4-nitrobenzylamino) -3- (3-cyclopentyloxy-4- 
methoxyphenyl) -2-pyrrolidinone (503 mg, 1.23 mmol) in 
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anhydrous tetrahydrofuran (6 mL) was treated with 
" ammonium formate (1.2 g, 19 mmol) and 10% palladium on 
carbon (120 mg) in a suspension of methanol (18 ml) . 
The suspension was stirred for two hours under argon. 

5 The reaction was filtered through celite and washed with 
methanol. The solvent was removed in vacuo and the 
residue was treated with cold water and extracted twice 
with methylene chloride. The organic layer was washed 
two times with water, dried (potassium carbonate) and 

10 concentrated in vacuo. The resin was purified by flash 
. chromatography, eluting with a gradient of 50-100% ethyl 
acetate/methylene chloride to provide a colorless oil of 
the title compound (396 mg, 82%) . 

analysis calc- for C 2 3H 28 N 2 0 3 .1/5H20: C 71.92, H 7.45, 
15 N 7.29; found: C 71.99, H 7.54, N 7.31. 
[a] 25 (0.56, methanol) = +72.5°. 
D 

EX&MELE 6 

1 - Lfl = Agfifca m j dohanzg] ) ~ A ~ I2=£ss2 oppntvl oxv-4- 
20 r thnvYnh P nvi ) -?-Pvrro1 i ri i none 

A solution of methyl 4-amino-3- (3- 
cyclopentyloxy-4-methoxyphenyl)butyrate (650 mg, 2.12 
mmol) and 4-acetamidobenzaldehyde (346 mg, 2.12 mmol) in 

25 chloroform (35 mL) under an argon atmosphere was heated 
at reflux for 30 min. Ten mL of the chloroform were 
distilled off and replaced with fresh solvent. This 
process was repeated after refluxing for an additional 
hour. The mixture was cooled, the solvent was removed 

30 in vacuo, the residue was redissolved in tetrahydrofuran 
and a solution of anhydrous hydrochloric acid in ether 
(1.0 M, 1.6 mL) was added. The solution was evaporated 
to dryness, the residue was redissolved in absolute 
methanol, chilled in an ice bath and a solution of 

35 sodium cyanoborohydride (200 mg, 3.2 mmol) in methanol 
was added. The mixture was stirred at room temperature 
for 2 h, partitioned between 10% ethyl acetate/ether and 
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ice cold 5% sodium hydroxide and the organic layer dried 
(sodium sulfate) . The solvent was removed In vacuo, the 
residue was partitioned between ethyl acetate and water 
and extracted two times. The organic layer was dried 
(sodium sulfate) and evaporated. Purification by flash 
chromatography, eluting with 0-1% methanol /ethyl 
acetate, and crystallization from ethyl acetate/ethyl 
ether provided an off white solid of the title compound 
(415 mg, 46%): m.p. 116-118°C. 

Analysis Calc. for C25H30N2O4 • I/8H2O: C 70.69, H 7.18, 
N 6.59; found: C 70.52, H 6.95, N 6.53. 

EXAMPLE 7 

S- (-) -1 - ( 4-Acetamidobenzyl ) -4- ( 3-cyclopentyloxy-4- 

rnethoxyphenyl ) -2-pyrrolidinpne 
A solution of S- (-) -1- (4-aminobenzyl) -4- (3- 
cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone prepared 
as in Example 4 (77 mg, 0.2 mmol) in dry pyridine (3 mL) 
at 0°C was treated dropwise with acetic anhydride (90 
20 mL, 095 mmol) . The reaction was stirred overnight under 
an argon atmosphere and the solvent removed in vacuo. 
The residue was dissolved in ethyl acetate and washed 
with cold hydrochloric acid, water, 5% aqueous sodium 
bicarbonate and again with water. The organic layer was 
25 dried (sodium sulfate) and evaporated in vacuo to yield 
a residue which was purified by flash chromatography, 
eluting with a gradient of 0-2% methanol /ethyl acetate 
to provide a resin of the title compound (85.5 mg, 
100%) . 

30 Analysis Calc. for C25H30N2O4 • 1/H 2 0: C 70.32, H 7.20, 

N 6.56; found: C 70.14, H 7.22, N 6.51. 

[a] 25 (0.49, methanol) = -56.8°C. 
D 



10 
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TTVaMPT.F, 8 

g_ f + s — i - r4 -^^ am i dabanzyj ) -4- n-rvcl opent vl QXY~4~ 
mothnyvphpnyl ^ -?-nvrrn1 i fli none 

5 A solution of R- ( + ) -1- (4-aminobenzyl) -4- (3- 

cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone prepared 
as in Example 5 (115 mg, 0.3 mmol) in dry pyridine (3 
mL) at 0°C was treated dropwise with acetic anhydride 
(125 mL, 1.3 mmol) . The reaction was stirred overnight 

10 under an argon atmosphere and the solvent removed in 
vacuo to yield a residue, which was purified by flash 
chromatography eluting with a gradient of 0-2% 
methanol/ethyl acetate to provide a resin of the title 
compound (59.5 mg, 47%). 

15 Analysis Calc. for 025*30*204 * 1/ 4H 20 • c 70 - 32 ' H 7 ' 20 ' 
N 6.56; found: C 70.28, H 7.17, N 6.44 
[a] 25 (0.46, methanol) - +56.9°C. 
D 

20 FiXftMFLE 9 

1 _ r 4 -Tj- m ' -ryann-s- ^ hyi -i sothi onrRi do) benzyl 1 -4- (3- 

ryr 1 .ppnl-v ] r yy-/l-™g1-noyvnhenv1 ) -^-PVTrnl i fli "One 

A solution of 1- (4-aminobenzyl) -4- (3- 
25 cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone (219 mg, 
0.59 mmol) and dimethyl N-cyanodithioiminocarbonate 
(90%,' 194 mg, 1.19 mmol) in pyridine (2.5 mL) under an 
argon atmosphere was heated at reflux for 3 h. The 
mixture was cooled, the solvent was removed in vacuo and 
30 the residue was purified by flash chromatography, 
eluting the title compound with 40-75% ethyl 
acetate/methylene chloride, to provide a pale yellow oil 

(139 mg, 49%) - 

an.-lvsis Calc for Cze^^S'l/^O: C 64.04, H 6.41, 

35 N 11.49, S 6.57; found: C 64.09, H 6.39, N 11.15, S 
6.57. 
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EXAMPLE 10 

5 A solution of 1- [4-N- (N 1 — cyano— S-methyl— 

isothioureido) benzyl] -4- (3-cyclopentyloxy-4- 
methoxyphenyl) -2-pyrrolidinone (100 mg, 0.21 mmol) in 
ethanol under an argon atmosphere was saturated with 
ammonia and heated at 95°C for 24 h. The mixture was 

10 cooled, the solvent was removed -in vacuo and the residue 
was purified by flash chromatography, eluting the title 
compound with 5% isopropanol/methylene chloride and 
adding 0-5% methanol to provide a glass like solid of 
the title compound (48.5 mg, 51.7%) . 

15 Analysis Calc . for C25H29N5O3 • I/2CDCI3 : C 62.39, H 

5.99, N 14.36; found: C 62.48, H 6.06, N 14.26. 

EXAMPLE 11 

1- f4-N- fureido^benzyll-4- (3-cycloperrt-yloxy-4- 
20 mgthoyyphgnyl )-2>pyrroliriinonP 

A solution of 1- (4-aminobenzyl) -4- (3- 
cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone (350 mg, 
1.05 mmol) in aqueous acetic acid (1:1 glacial acetic 

25 acid/ water) under an argon atmosphere was treated 

dropwise with an aqueous solution of sodium cyanate (223 
mg, 3.4 mmol in 4 mL water) . After stirring at room 
temperature for 30 min, the reaction was poured into 
ice-water and extracted with methylene chloride, washed 

30 three times with water and dried (sodium sulfate) . The 
solvent was removed in vacuo and the residue was 
purified by flash chromatography, eluting with 80% ethyl 
acetate/methylene chloride containing 7-10% methanol to 
provide a solid of the title compound which was 

35 recrystallized from methylene chloride/ether (258 mg, 
58%): m.p. 113-115. 5°C. 
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aaalSSifi Calc. for C24H29N3O4: C 68.06, H .6.90, N. 
9.92; found: C 67.70, H 6.89, N 9.95 

TTVAMPT.F. 12 

T - matlffi] »mi n ^ n,vi ) -4- L3 ■ mpit.hoy vrnrnvl ) - 2 - 

pyrr 01 i Hi none 

a) A mixture of 3, 4-dimethoxybenzaldehyde (20.0 g, 120 
mmol), dimethylmalonate (16.4 g, 120 mmol) , piperdine 
(0.3 mL, 0.517 mmol), and acetic acid (3.0 mL, 0.861 
mmol) in a solution of toluene (100 mL) under an argon 
atmosphere was stirred at reflux with azeotropic removal 
of water. After two hours at reflux and overnight at 
room temperature, cyclohexane was added, the mixture 
chilled to 5°C and filtered. Recrystallization from 
chloroform/hexanes provided a solid (11.9 g, 35%), which 
was used without further purification. 



b) ^ot-nyi ^- r yan^-^-n ^-H-jm^thoyvobenvl) Propionate 
Dimethyl (3, 4-dimethoxybenzylidene) malonate (11.7 g, 42 
mmol) was dissolved in methanol (70 mL) and was treated 
with potassium cyanide (2.7 g, 42 mmol) and water (10 
mL) . The mixture was stirred under argon for 18 h. The 
solvent was removed in vacuo, the residue was 
25 partitioned between ether and. sodium bicarbonate (5%) 

and extracted with ethyl acetate six times. The organic 
extracts were dried (sodium sulfate) and the solvent was 
removed in vacuo to provide a yellow oil (3 g, 29%) . 



c) MetfcyJ 4-PTnino-?-n. 4 - cli met h oryrnenvl) bntyratft 
Methyl 3-cyano-3- (3, 4-dimethoxyphenyl) propionate (3.0 g, 
12 mmol) and 70% perchloric acid (1.9 g) were added to a 
suspension of 10% palladium on carbon (0.6 g) in 
methanol (100 mL) . The mixture was hydrogenated at 50 
psi for 1.25 h r diluted with methylene chloride, 
filtered through celite, and evaporated. The residue 
was partitioned between methylene chloride and dilute 
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aqueous sodium bicarbonate with sodium carbonate added 
to adjust pH above 9. The aqueous phase was extracted 
three times with methylene chloride and the combined 
organic phase was dried (potassium carbonate) . Solvent 
5 evaporation provided the amine (3.0 g, 100%) , a yellow 
oil. 

d) 1- (4-Dimethvlaminobenzvl) -4- (3. 4-rii methoyyphgTiyi 1 - 
2-pyrrplidinftnfi A solution of methyl 4-amino-3- (3, 4- 
10 dimethoxyphenyl)butyrate (1.0 g, 4.0 mmol) and 4- 
dimethylaminobenz aldehyde (0.6 g, 4.0 mmol) in 
chloroform under an argon atmosphere was heated at 
reflux, distilling off almost all of the solvent. 
Additional chloroform was added and refluxed again, 
15 distilling off most of the solvent. The mixture was 
cooled, the solvent was removed in vacuo, the residue 
was redissolved in tetrahydrofuran and a solution of 
anhydrous hydrochloric acid n ether (1.0 M, 4.0 mL) was 
added. The solution was evaporated to dryness, the 
20 residue was redissolved in absolute methanol, chilled on 
an ice bath and a solution of sodium cyanoborohydride 
(0.5 g, 8.0 mmol) was added. The mixture was stirred at 
zero degrees for 1 h, warmed to 20°C, concentrated in 
vacuo and the residue partitioned between 25% ethyl 
25 acetate/ether and dilute, cold sodium hydroxide. The 
aqueous layer was extracted, the combined organic phase 
washed with water and dried (sodium sulfate) . The 
solvent was removed in vacuo, and the residue was 
dissolved in toluene with a catalytic amount of sodium 
30 cyanide and was refluxed for 7 h. The solvent was 
removed in vacuo the residue was dissolved in ethyl 
acetate and washed with water two times. The organic 
layer was dried (sodium sulfate) and evaporated. 
Purification by flash chromatography, eluting with 75- 
35 100% ethyl acetate/hexanes, provided a resin of the 
title compound (572 mg, 40%) . 
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analysis Calc. for azi^e^'l^O-' C 69.98, H 7.46, 
N 7.77; found: C 70.08, H 7.34, N 7.72. 

5 1 - lA-m* *™* Hnh^nz y l ) ( 3 - 4-<ii methoxvPhenvl ) - 2 - 

ryrrn 1 i H-i nnne 

A solution of methyl 4-amino-3- (3, 4- 
dimethoxyphenylbutyrate (1.01 g, 4.0 mmol) and 4- 

10 acetamido-benzaldehyde (0.65 g, 4.0 mmol) in chloroform 
under an argon atmosphere was heated at reflux for 2.5 
hours. The mixture was cooled, the solvent was removed 
in vacuo, the residue was redissolved in tetrahydrofuran 
and a solution of anhydrous hydrochloric acid in ether 

15 (1.0 M, 4.1 mL) was added, the solution was evaporated 
to dryness, the residue was redissolved in absolute 
methanol and sodium cyanoborohydride (0.50 g, 8.0 mmol) 
was added. The mixture was stirred at zero degrees for 
1 h, warmed to 20 °C, concentrated in vacuo and the 

20 residue partitioned between 10% ethyl acetate/ether and 
dilute, cold sodium hydroxide. The aqueous layer was 
extracted, the combined organic phase washed with water 
and dried (sodium sulfate) . The solvent was removed in 
vacuo and the residue was dissolved in toluene with a 

25 catalytic amount of sodium cyanide and was refluxed for 
6 h. The solvent was removed in vacuo, the residue was 
dissolved in ethyl acetate and washed with water two 
times. The organic layer was dried (sodium sulfate) and 
evaporated. Purification by flash chromatography, 

30 eluting with a gradient of 0.5-8% methanol in 1:1 ethyl 
acetate/chloroform, provided a solid of the title 
compound which was recrystallized from ethyl 
acetate/ether (445 mg, 30%): m.p. 88.5-90.5°C. 
anaiXSiS. Calc. for: C21H23N2O4 ' 1/2H 2 0: C 67.01, H 

35 6.43, N 7.44; found: C 67.20, H 6.59, N 7.53. 
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SXftMPLE 14 

1- ( 4-Nitrobenzvl 1 -4- (3 . 4-riim^hoyyphgriyl ) -2- 

pyrrnliriinnnft 

5 A solution of methyl 4-amino-3-) 3, 4- 

dimethoxyphenyl)butyrate (1.01 g, 4.0 mmol) and 4- 
nitrobenz aldehyde (0.60 g, 4.0 mmol) in chloroform Under 
an argon atmosphere was heated at reflux for 2.5 hours. 
The mixture was cooled, the solvent was removed in 
10 vacuo, the residue was redissolved in tetrahydrofuran 
and a solution of anhydrous hydrochloric acid in ether 
(1.0 M, 4 mL) was added. The solution was evaporated to 
dryness, the residue was redissolved in absolute 
methanol, chilled in an ice bath and a solution of 
15 sodium cyanoborohydride (0.50 g, 8.0 mmol) in methanol 
was added. The mixture was stirred at 0°C for 1 h, 
warmed to 20°C, concentrated in vacuo and the residue 
partitioned between 10% ethyl acetate/ether and dilute, 
cold sodium hydroxide. The aqueous layer was extracted, 
the combined organic phase washed with water and dried 
(sodium sulfate) . The solvent was removed in vacuo, and 
the residue was purified by flash chromatography, 
eluting with 40-80% ethyl acetate/methylene chloride, 
providing a solid of the title compound (560 mg, 39%) : 
m.p. 100-101°C. 

Analysis Calc. for: ^19^20^2^5 *N* 7 . 86 . 

EXAMPLE 15 

1- (4-Aminobenzvl) -4- (3. 4-riimfit".hoxvohgnv1 1 -9- 

pyrrQlidinone 

A solution of 1- (4-nitrobenzyl) -4- (3, 4- 
dimethoxyphenyl) -2-pyrrolidinone (500 mg, 1.40 mmol) in 
methanol (20 mL) and anhydrous tetrahydrofuran (10 mL) 
was treated with ammonium formate (1.06 g, 16.8 mmol) 
and 10% palladium on carbon (140 mg) . The suspension 
was stirred for two hours under argon. The reaction was 
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* filtered through celite and washed with methanol, 
then filtered wrouy residue was 

■ — :::: 

£L3k TaU. for C 19 H 22 N 2 O3- 5 /8 H2 0: C 67.59. . ..»«. 
„ 8 . 29; found: C 67. 48. B 6.90, H 8.19. 

EKMffiLE 16 

^^^^ 

A solution of methyl 4 -amino- 3- (3- 
15 cyclopentyloKy^-methoxyphenyl^uty^ 

anol) and 4-dimethylaminobenzaldehyde (0.27 g, 
" chloroform under an argon atmosphere was heated at 
reflux for 2.5 hours. The mixture was cooled, the 
solvent wa s removed in vacuo, the residue was 

,0 redissolved in a T^ln ether 

a solution of anhydrous hydrochloric acia m 
and a solution solu tion was evaporated 

ii n m 3 8 ml.) was added. me 

(1.0 M, 3.8 i ^ redisso lved in absolute 

to dryness, the residue wa 

me thanol and sodium cyanoborohydride 0.43 g 

,, , T,.. mixture was stirred 0 C lor J a, 
B was added. The ~* conce „trated in vacuo and the 

^partitioned ^tween 10* ethyl acetate/ether and 
residue partitioned o ous i aye r was 

dilute, cold sodium hydroxide The 

extracted, the c-"^^^^ remove d In 
30 and soil m toluene with a 

irjytio al^ of sodium cyanide and was refluxed 

t The solvent was removed in vacuo, the 
overnight. The sol ^ uashed w±th 

residu :r:imes z zzz — « — 

M lulfate evaporated. Purification hy flash 
chromatography, eluting with 67-7S* ethyl 
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15 



acetate/hexanes, provided a resin of the title compound 
(366 mg, 50%) . 

Analyf?1|C; Calc - for C 2 5H32 N 203-1/4H 2 0: C 72.70, H 7.93, 
N 6.78; found: C 72.76, H 7.80, N 6.74 

EX-ampt.f. 77 

l -(4-N-rftrboTnpl-hvoyvra-rH aTqm -iHr,Ho n7 v1 ) /q _ 
cyc l nprntvl o>fv-^-^thoy TO h 0 n y i a ^zeyxtoJ idin a n g 

A solution of 1- (4-aminobenzyl) -4- (3- 
cyclopentylo X y-4-methoxyphenyl)- 2 -p yrrolidinone (CL2 Qf 
0.53 mmol) in dry methylene chloride and N- 
methylmorpholine (70 mL, 0.64 mmol) at zero degrees, was 
treated dropwise with methyl oxalylchloride (54 mL, o 58 
mmol) . After stirring overnight, and addition 
additional methyl oxalyl chloride (108 mL) , the reaction 
mixture was partitioned between ice cold aqueous sodium 
bicarbonate and methylene chloride, the organic phase 
washed with water and concentrated in vacuo to a crude 
solid of the title compound which was recrystallized 
from ethyl acetate/ether (210 mg, 85%); m.p. 134-136°C 
*" n1 ™" Calc ' for C26H 3 0N 2 O 6 -l/8H 2 O: C 66.62, H 6.50, 
N 5.98; found: C 66.54, H 6.57, N 5.95. 

25 EXAMPT.E ip 

1 - f rbamiriobpny vi ) t™ rY ^ ~ p< ^ y1 ^ y ^ _ 

methoyvnh^nvl 1 -?- r vrrn1 -i flj nrn f > 

A solution of 1- (4-N-carboroethyoxy- 
30 carbamaidobenzyl) -4- (3-cyclopentyloxy-4-methoxyphenyl) - 
2-pyrrolidinone (95 mg, 02 mmol) prepared as described 
in Example 17 in methanol was treated with pulverized 
lithium hydroxide monohydrate (26 mg, 0.6 mmol) and 
stirred under an argon atmosphere for 1.5 hours. The 
35 solvent was removed in vacuo and the residue was added 
to a mixture of ice and 3N hydrochloric acid to 



20 
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precipitate a white solid of the title compound (73 mg, 
81%): m.p. 167.5-170°C (decomposed). 

analysis Calc . for C25H28N2O6 * 5/8H 2 0 : C 64.75, H 6.36, 
N 6.04; found: C 64.83, H 6.43, N 6.02. 

5 

KVAMPT/R 19 

1 -<4-M P thanf>p n1 f nnaini dohenzvl ) -4- n-nvc.lOPPT)t Vl OXY-4- 
TtiPthoxyphPnyi ^ -?-pvrro.1 j di none 

10 A solution of 1- (4-aminobenzyl) -4- (3- 

cyclopentyloxy-4-methoxyphenyl)-2-pyrrolidinone (200 mg, 
0.53 mmol) in anhydrous pyridine . (3 mL) under argon was 
treated with methanesulf onylchloride (60 mL 0.79 mmol) 
dropwise, The solution was heated at 60°C for 30 min 

15 and then at reflux for two hours. The reaction was 
partitioned between ice cold aqueous acid and ethyl 
acetate and the organic layer was dried (sodium 
sulfate) . The solvent was removed in vacuo and the 
residue was purified by flash chromatography eluting 

20 with 75-90% ethyl acetate/hexanes, to provide a cream 
colored foam of the title compound (107 mg, 44%) . 
Analysis Calc . for C24H30N2O2S • 1/3H 2 0 : C 62.05, H 

6.65, N 6.03; fund: C 62.11, H 6.62, N 6.04. 

25 F.YAMPT.K 20 

i-^-r.rhn^thnwhP^vl > -4- (3-cvrl opentvl oxv-4- 
mPl-hoxvr >h^ny1 ) -?-pyrrol i riinone 

l-M-r.arh O Tn^hovv^n^yn-4-(3rvrlOPentVlPXV-4- 
30 ^thnvyphonyi > -9-ovrrol i rii none A solution of methyl 4- 
amino-3-) 3-cyclopentyloxy-4-methoxyphenyl) butyrate (1.57 
g, 4.9 mmol) and 4-carbomethoxybenzaldehyde (0.82 g, 5.0 
mmol) in chloroform under an argon atmosphere was 
stirred overnight at room temperature and heated at 
35 reflux for 2 h the next day. The mixture was cooled, 
the solvent was removed in vacuo and the residue was 
redissolved in tetrahydrofuran and a solution of 
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anhydrous hydrochloric acid in ether (1.0 M, S.5 ml) was 
added. The solution was evaporated to dryness, the 
residue was redissolved in absolute methanol chilled in 
an ice bath and sodium cyanoborohydride (0.47 g, 7.4 
mmol) was added. The mixture was stirred at 0°C for 2 
h, kept at 5° for 16 h, warmed to20°C, concentrated in 
vacuo and the residue partitioned between methylene 
chloride and dilute, cold sodium hydroxide. The aqueous 
layer was extracted with methylene chloride and the 
combined organic phase washed with water and dried 
(sodium sulfate) . The solvent was removed in vacuo and 
the residue was dissolved in toluene with a catalytic 
amount of sodium cyanide and was refluxed overnight. 
The solvent was removed in vacuo, the residue was 
15 dissolved in ethyl acetate and washed with water two 

times. The organic layer was dried (sodium sulfate) and 
evaporated. Purification by flash chromatography, 
eluting with 40-75% ethyl acetate/hexanes, provided a 
solid of the title compound (1.1 g, 53%): m.p. 98-99°c. 
20 Anal yff Iff Calc. for C25H29NO5: C 70.90, H 6.90, N 3.31; 
found: C 70.69, H 6.89, N 3.35. 

KyaMPT.F. 71 

25 methoxvPhenvl ) -7-pvrmi j H-i mri f> 

A solution of 1- (4-methylthiobenzyl) -4- (3- 
cyclopentyloxy-4-methoxyphenyl)-2-pyrrolidinone (0.5 g, 
123 mmol) in methylene chloride was cooled to 0°C and 
treated with m-chloroperoxybenzoic acid (80%, 0.43 g, 
2.4 mmol). The reaction was allowed to stir under an 
argon atmosphere for 3.5 hours. The reaction was 
diluted with methylene chloride and washed three times 
with saturated aqueous sodium bicarbonate, once with 
35 water and once with brine. The organic layer was dried 
(potassium carbonate) and the solvent was removed in 
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vacuo to provide the title compound (0.5 g, 92%) , which 
foamed under vacuum. 

Analysis Calc. for C24H2 9NO5S • 1 /2H 2 0 : C 63.69, H 6.68, 
N 3.09, S 7.08/ found: C 63.69, H 6.42, N 3.12, S 6.91. 

5 

EXAMPLE 22 

1- n.4-DiTnethvoxvbenzvl) -4- (3- ryclopent.vloxv-4- 
mftthoyvphfinvl) -2-r>vrrol idinone 

10 A solution of methyl 4-amino-3-cyclopentyloxy- 

4-methoxyphenyl) but y rate (1.5 g, 4.9 mmol) and 3,4- 
dimethyoxybenz aldehyde (0.85 g, 5.1 mmol) in chloroform 
under an argon atmosphere was heated at reflux for two 
hours and then allowed to stir overnight at room 

15 temperature. The solvent was removed in vacuo, the 
residue was redissolved in tetrahydrofuran and a 
solution of anhydrous hydrochloric acid in ether (1.0 M, 
5 mL) was added. The solution was evaporated to 
dryness, the residue was redissolved in absolute 

20 methanol and sodium cyanoborohydride (0.5 g, 8.0 mmol) 
was added. The mixture was stirred at room temperature 
for 4.5 h, partitioned between 1:1 ethyl acetate/ether 
and 5% sodium hydroxide and the organic layer dried 
(sodium sulfate) . The solvent was removed in vacuo and 

25 toluene and a catalytic amount of sodium cyanide were 
added to the oil. The reaction stirred overnight at 
room temperature and was heated to reflux for six hours. 
The toluene was removed under reduced pressure and the 
residual oil was partitioned between methylene chloride 

30 and water. The organic layer was dried (sodium 
sulfate) . The residue was purified by flash 
chromatography, eluting with 95:5 chlorof orm/methanol to 
provide- an oil of the title compound (1.6 g, 75%). 
Analysis Calc. for C24H 31 N0 5 • l/4Si0 2 : C 68.16, H 7.09, 

35 N 3.18; found: C 68.12, H 6.96, N 3.05. 
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EXftMPT.K 7^ 

1- f 4-Mft1-hvTf hi obenzvl ) -a- n PPnrv i n yy -z- 

methottvphenvl ) -?-nvrrm -iH-inr^o 

5 A solution of methyl 4-amino-3- (3- 

cyclopentyloxy-4-methoxyphenyl)butyrate (1.5 g, 4.9 
mmol) and 4 -methylthiobenz aldehyde (0.78 g, 5.1 mmol) in 
chloroform under an argon atmosphere was heated at 
reflux for two hours and then allowed to stir overnight 
10 at room temperature. The solvent was removed in vacuo 
and the residue was redissolved in tetrahydrofuran and a 
solution of anhydrous hydrochloric acid in ether (1.0 M, 
5 mL) was added. The solution was evaporated to 
dryness, the residue was redissolved in absolute 
15 methanol and sodium cyanoborohydride (0.5 g, 8.0 mmol) 
was added. The mixture was stirred at room temperature 
for 4.5 h, partitioned between 1:1 ethyl acetate/ether 
and 5% sodium hydroxide and the organic layer dried 
(sodium sulfate) . The solvent was removed in vacuo and 
20 toluene and a catalytic amount of sodium cyanide were 
added to the oil. The reaction stirred overnight at 
reflux temperature and then was stirred at room 
temperature for six hours. The toluene was removed 
under reduced pressure and the residual oil was 
25 partitioned between methylene chloride and aqueous acid. 
The organic layer was dried (sodium sulfate) . The 
residue was purified by flash chromatography, eluting 
with 98:3 chlorof orm/methanol to provide an oil of the 
title compound (1.7 g, 85%) . 
30 Analyfliff Calc. for C24H 2 9N0 3 S-l/4Si0 2 : C 67.57, H 
6.85, N 3.28; found: C 67.42, H 6.82, N 3.19. 
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EXAMPLE 24 

1 - m-m<=>t hyl sul fny yhPn7v1 1 -A- n-wrl or><*nrv1 oxv-4- 
TnAt--hr»xyph^ny1 ) -?-pvrrnl i oH none 

5 To an ice cold solution of sodium periodate 

(201 mg, 0.94 mmol) and water under an argon atmosphere 
was added a solution of 1- (4-roethylthiobenzyl) -4- (3- 
cyclopentyloxy — 4-methoxyphenyl) -2-pyrrolidinone (352 
mg, 0.86 mmol) in methanol (8 mL) . The reaction mixture 

10 was allowed to warm to room temperature and then stirred 
overnight. The solvent was removed in vacuo and the 
residue was partitioned between methylene chloride and 
water and extracted three times. The organic layer was 
dried (potassium carbonate) and the solvent removed to 

15 provide an oil of the title compound (370 mg/ 71%). 
Analysis Calc . for C24H29NO4S • l/4Si02 : C 65.13, H 

6.60, N 3.16; found: C 65.26, H 6.66, N 3.14. 

F.y-AMPI.E 25 

20 i - f7-a rP i- am i rior^nryl ^ -4- QPPntvl QXV-4- 

ffioi-^ovyp-hgnyl 1 -? -pyrrol i riinone 

a) i - P-wi1-rnhPn7vl ) -4- fVrvrl QPf»ntv3 OXV-4-mftt.hQXV- 
pn Any 1 ^ -9-pyrrol i rt i nnne A solution of methyl 4-amino-3- 

25 (3-cyclopentyloxy-4-methoxyphenyl)butyrate (0.5 g, 1.65 
mmol) and 2-nitrobenzaldehyde (0.26 g, 1.72 mmol) in 
chloroform under an argon atmosphere wad heated at 
reflux for 9 h. The mixture was cooled, the solvent was 
removed in vacuo, the residue was redissolved in 

30 tetrahydrofuran and a solution of anhydrous hydrochloric 
acid in ether (1.0 M, 1.72 mL) was added. The solution 
was evaporated to dryness, the residue was redissolved 
in absolute methanol, chilled with an ice bath and a 
solution of sodium cyanoborohydride (0.21 g, 3.3 mmol) 

35 in methanol was added. The mixture was kept at 5°C for 
18 h, warmed to 20 °C, concentrated in vacuo and the 
residue partitioned between ether containing ethyl 
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acetate and a solution of cold, dilute sodium hydroxide 
and the organic layer dried (potassium carbonate) . The 
solvent was removed in vacuo and the residue was 
dissolved in toluene with a catalytic amount of sodium 
5 cyanide and refluxed for 15 hours. The solvent was 
removed in vacuo, the residue was partitioned between 
ethyl acetate and water and the organic layer washed 
with water two times. The organic layer was dried 
(sodium sulfate) and evaporated. The residue was 
10 purified by flash chromatography, eluting with 1:1% 

ethyl acetate/hexanes, to provide the product (468 mg, 
69%) . 

b) 1- < 2-Affli nobfinrvl ) -4- ^-r yclopgnl-yloxy-4- 

*s methoxyphenyl ) -?-PYrro 3 idinon** a solution of i-(2- 
nitrobenzyl) -4- (3-cyclopentyloxy-4-methoxyphenyl) -2- 
pyrroliciinone (0.47 g, 1.14 mmol) in methanol (20 mL) 
and anhydrous tetrahydrofuran (5 mL) was treated with 
ammonium formate (0.95 g, 15.1 mmol) and 10% palladium 

20 on carbon (110 mg) . The suspension was stirred for 18 h 
under argon. The reaction was then filtered through 
celite and washed with methanol. The solvent was 
removed in vacuo and the residue was partitioned between 
methylene chloride and ice water. After extracting, the 

25 organic layer was washed with water, dried (sodium 
sulfate) and concentrated in vacuo to provide a 
colorless oil (434 mg, 100%) . 

C) 1- (2-Acetamiriohgn?y1 1 -4- (l-ryclnp&nrvlnxy-A- , 
30 methoxvPhenvJ ) -2-pvrrol iHinn n g A solution of l-(2- 
aminobenzyl) -4- (3-cyclopentyloxy-4-methoxyphenyl) -2- 
pyrrolidinone (0.43 g, 1.14 mmol) in dry pyridine cooled 
to 0°C was treated dropwise with acetic anhydride (216 
mL, 2.28 mmol) . After stirring overnight, the reaction 
35 mixture was partitioned between ice cold aqueous 

hydrochloric acid and ethyl acetate, the aqueous phase 
extracted, and the combined organic layers washed with 
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aqueous hydrochloric acid, water, aqueous sodium 

bicarbonate and dried (sodium sulfate) • The solution 

was concentrated in vacuo to provide a foam of the title 

compound (293 mg, 60%) . 
5 analysis Calc . for C 25 H30 N 2°4 : C 70.07, H 7.21, N 

6.54; found: C 70.07, H 7.02, N 6.40. 

FiXftMPLE 26 

1 -n-Anfttami Hnbfin ryl 1 -4- (3-nvclQDPnt vl OXV-4- 
10 methQxyphftnvl>-2-Pvrrolidlnone 

A) 1 - n-Nit r nbPnrvl ) -4- (3-cvcl OPftntvlQXV-4" 
methoyvphPnyl ) -?-pvrrol j rii none A solution of methyl 4- 
amino-3- (3-cyclopentyloxy-4-methoxypheny X0.5 

15 g, 1.65 mmol) and 3-nitrobenzaldehyde (270 mg, 1.79 

mmol) in chloroform under an argon atmosphere was heated 
at reflux for 9 h. The mixture was cooled, the solvent 
was removed in vacuo and the residue was redissolved in 
tetrahydrofuran and a solution of anhydrous hydrochloric 

20 acid in ether (1.0 M, 1.65 mL) was added. The solution 
was evaporated to dryness, the residue was redissolved 
in absolute methanol, chilled in an ice bath and a 
solution of sodium cyanoborohydride (0.24 g, 3.8 mmol) 
in methanol was added. This mixture was kept at 5°C for 

25 18 h, warmed to 20 °C, concentrated in vacuo and the 
residue partitioned between ether containing ethyl 
acetate and a solution of cold, dilute sodium hydroxide 
and the organic layer dried (potassium carbonate) . The 
solvent was removed in vacuo and the residue was 

30 dissolved in toluene with a catalytic amount of sodium 
cyanide and refluxed for 40 hours. The solvent was 
removed in vacuo, the residue was partitioned between 
ethyl acetate and water and the organic layer washed 
with two times. The organic layer was dried (sodium 

35 sulfate) and evaporated. The residue was purified by 
flash chromatography, eluting with 4 0-66% ethyl 
acetate/hexanes to provide a yellow oil (0.44 g, 64%) . 
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±>) 1 - (3-ftTTri nnbpn7v1 ) -4- f 1 nppnfylnyv-^ 
methoyvphenvl > -»?-pvrrnl j rt-i nnnp a solution of l-<3- 
nitrobenzyl) -4- (3-cyclopentyloxy-4-methoxyphenyl) -2- 
5 pyrrolidinone (0.44 g, 1.06 mmol) in methanol (20 mL) 
and anhydrous tetrahydrofuran (5 mL) was treated with 
ammonium formate (1.0 g) and 10% palladium on carbon 
(110 mg) . The suspension was stirred for 2 h under 
argon. The reaction was then filtered through celite 
10 and washed with methanol. The solvent was removed in 
vacuo and the residue was partitioned between methylene 
chloride and water. After extracting, the organic layer 
was dried (sodium sulfate) and concentrated in vacuo to 
provide a colorless oil of the title compound (403 mg, 
15 100%). 

C) 1- (3-Acgtamiriohgngy-l \ -4- H-ryrl opcm-hyl nvy-A- 
methoxvphenvl ) -2-pvrrol i flj nnnp A solution of 1- (3- 
aminobenzyl ) -4- (3-cyclopentyloxy-4-methoxyphenyl ) -2- 
20 pyrrolidinone (0.40 g, 1.06 mmol) in dry pyridine at 

0°C, was treated dropwise with acetic anhydride (200 mL, 
2.12 mmol) . After stirring overnight, the reaction 
mixture was partitioned between ice cold aqueous 
hydrochloric acid and ethyl acetate, the aqueous layer 
25 extracted, and the combined organic layers washed with 
aqueous hydrochloric acid, water, aqueous sodium 
bicarbonate and dried (sodium sulfate) . The solution 
was concentrated in vacuo to provide a solid of the 
title compound (332 mg, 69%) : m.p. 145-146. 5°C. 
30 Analysis Calc. for C 2 5H3oN 2 0 4 -1/8H 2 0: C 70.69, H 7.18, 

N 6.59/ found: C 70.72, H 7.27, N 6.49. 
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F.XAMPLE 27 

1- M-TT--i-F1nr,T-nTn^ hYl snl fnnam i dohenrvl > -A~ f 3~ 
rvrl nr>pn1-y1 nyv - 4-mPthnyyphPnvl -?-Pvrrol i <ii none 

5 A solution of 1- (4-aminobenzyl) -4- (3- 

cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone (224 mg, 
0.57 mmol) and triethylamine (160 mL, 1.15 mmol) in 
anhydrous methylene chloride (4 mL) cooled to -78 °C was 
treated with triflic anhydride (106 mL, 0.63 mmol) 

10 dropwise. After five minutes, some starting material 
was left, so additional triflic anhydride (35 mL, 0.21 
mmol) was added. The solvent was removed in vacuo and 
the resin was partitioned between aqueous sodium 
bicarbonate and ethyl acetate and extracted. The 

15 organic layer was washed with dilute cold aqueous acid, 
water and dried (sodium sulfate). The solvent was 
removed in vacuo and the residue was purified by flash 
chromatography, eluting with 75:25 ethyl acetate/hexanes 
to provide a foam of the title compound (133 mg, 46%). 

20 Analysis Calc. for C24H27 N 205 F 3S : C 56.24, H 5.31, N 
5.47; fund: C 56.54, H 5.62, N 5.47. 

EXAMPLE 26 

1 - (/l-Parhnyvstni fi o ^n7 Y 1 > -4- n-CVfi] OPf ntvl OXV~4- 
25 mPthnxvpbypnvl > -^-pyrrol i riinone 

A solution of l-(4-Carbbmethoxybenzyl)-4-(3- 
cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone prepared 
as in Example 20 (300 mg, 0.71 mmol) in methanol with 

30 sodium cyanide (13 mg, 0.27 mmol) in a sealed glass bomb 
was cooled to zero degrees and saturated with ammonia. 
The reaction was slowly heated at 50-55 °C for a total of 
six days. The solvent was removed in vacuo to yield the 
crude product, which was purified by flash 

35 chromatography, eluting with 4-6% methanol /methylene 

chloride, to provide a white solid of the title compound 
(174 mg, 60%): m.p. 164-165°C. 



BNSDOCID: <WO 9219594A1J_> 



WO 92/19594 



PCT/US92/03613 



10 



- 58 - 

Analysis Calc. for C 2 4H28N 2 0 4 : C 70.57, H 6.91, N 
6.86; found: C 70.47, H 6.81, N 6.90. 

1- f 2. -a-Pianii noHgn^vi i -a- /?-r- Y r>i ^ r ^ n i-ui n vy -a- 
methOKVPhenvl ) -?-nvrrnl H rl-i nn n o 

a) 1- (2 r 4-Di nit.rnbpnzv] ) -4- n-ry P inppnt v ] nvy-4- 
methottVPhvenvl ) -?-cvrrni ^ n^ r<a A solution of methyl 4- 
ainino-3- (3-cyclopentyloxy-4-methoxyphenyl) butyrate (1 . 52 
g/ 4.95 mmol) and 2, 4-dinitrobenzaldehyde (0.98 g, 5.0 
mmol) in chloroform under an argon atmosphere was heated 
at reflux for 2 h. The mixture was cooled, the solvent 
was removed in vacuo, the residue was redissolved in 
15 tetrahydrofuran and a solution of anhydrous hydrochloric 
acid in ether (1.0 M, 6.5 ml) was added. The solution 
was evaporated to dryness, the residue was redissolved 
in absolute methanol and to this solution chilled in an 
ice bath sodium cyanoborohydride (0.44 g, 7.0 mmol) was 
20 added. The mixture was stirred at room temperature for 
15 h, concentrated in vacuo and the residue partitioned 
between ether containing ethyl acetate and a solution of 
cold, dilute sodium hydroxide and the organic layer 
dried (potassium carbonate) . The solvent was removed in 
25 vacuo and the residue was dissolved in toluene with a 
catalytic amount of sodium cyanide and ref luxed for 15 
hours. The solvent was removed in vacuo, the residue 
was dissolved in ethyl acetate and washed with water two 
times. The organic layer was dried (sodium sulfate) and 
30 evaporated. The residue was purified by flash 
chromatography, eluting with 40-60% ethyl 
acetate/hexanes and recrystallized from ethyl acetate, 
to provide a tan solid (1.09 g, 48%): m.p. 125.5-127°C. 

35 b > !-(?.. 4-T)i ami nohe>n? Y 1 > -4 - f 3-rvrl nppmt- Y 1 rtyy/j- 

methoxvphenvl ) -?-pyrmi -i rH npnf> a solution of l-(2,4- 
dinitrobenzyl) -4- (3-cyclopentyloxy-4-methoxyphenyl) -2- 
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pyrrolidinone (0.1 g, 0.22 mmol) in methanol (7 mL) and 
anhydrous tetrahydrofuran (2.5 mL) was treated with 
ammonium formate (0.4 g) and 10% palladium on carbon (40 
mg) . The suspension was stirred for 2 h under argon. 
5 The reaction was then filtered through celite and washed 
with methanol . The solvent was removed in vacuo and the 
residue was partitioned between chloroform and water. 
After extracting/ the organic layer was dried (potassium 
carbonate) and concentrated in vacuo. The residue was 
10 purified by flash chromatography, eluting with 0-2% 

methanol /ethyl acetate, to provide a resin of the title 
compound (70 mg, 79%) . 

Analysis Calc. for C 2 3H29 N 3°3 * 0 * 2 9H 20 : c 68.97, H 
7.44, N 10.49; found: C 69.26, H 7.36, N 10.09. 

15 

fiXPiMPLE 30 

1 - M-nyami rioh P ii?v1 1 -4- (3-r-ycl or>e>n1-.v1 oxv-4- 
TnAthnxyphAnvl ) -?-cvrro1 j dinone 

20 A solution of 1- (4-carboxycarbamido-benzyl) -4- 

(3-cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone (458 
mg, 0.99 mmol) in dimethoxyethylene glycol and N— 
methylmorpholine (200 mL, 1.82 mmol) was treated with 
isobutyl chloroformate (230 mL, 1.8 mmol). Liquid 

25 ammonia (5 mL) was condensed in a separate flask, and to 
it dimethoxyethylene glycol (10 mL) was added. 
Approximately ten minutes after the isobutyl 
chloroformate was added to the flask, part of the 
ammonia/ethylene glycol dimethyl ether solution (ca. 2-5 

30 mL) was added to the reaction flask. After 45 min, the 
solvent was removed in vacuo and the residue was 
dissolved in chloroform and washed twice with cold 
aqueous acid and twice with water. The organic layer 
was dried (sodium sulfate) and concentrated in vacuo to 

35 yield a resin, which was purified by flash 

chromatography, eluting with a gradient of 70-100% ethyl 
acetate/methylene chloride and finally with 99:1 ethyl 
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acetate /methanol. The title compound (190 mg> 43%) was 
a white solid: m.p. 180-182°C. 

Ana l ysis Calc. for C25H29N3O5: C66.50, H 6.47, N 
9.31; found: C 66.66, H 6.47, N 9.57. 

5 

EXAMPT.F. 31 

1- (2 , 4-Diacetaml dobenzvl ) -4- (i- ny d npgrn-y l exy-4- 
methoxvphenvl ) -2-Dvrrnl j rH nnr>P 

10 A solution of 1- (2, 4-diaminobenzyl) 040 (30- 

cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone prepared 
as described in Example 29 (0.22 g, 0.55 mmol) in dry 
pyridine at 0°C was treated dropwise with acetic 
anhydride (209 mL, 2.20 mmol). After stirring 
15 overnight, the reaction mixture was partitioned between 
ice cold aqueous hydrochloric acid and ethyl acetate, 
the aqueous layer extracted, and the combined organic 
layers washed with aqueous hydrochloric acid, water, 
aqueous sodium bicarbonate and dried (sodium sulfate) . 
20 The solution was concentrated in vacuo, giving a resin 
which was purified by flash chromatography, eluting with 
1:99 methanol /ethyl acetate to provide, a resin of the 
title compound (167 mg, 63%) . 

Ana l ysis Calc. for C27H33N3O5-I/4H2O: C 66.99, H 6.98, 
25 N 8.68; fund: C 66.73, H 6.93, N 8.52. 

EXAMPT.F. ?9 

1= f4-CYanobenzv1 ) -4- (3-cvcA ot>ent. Y 1 nvy-4-Tngl-hr^ v phRnyl > - 

2-pyrrol idinonp 

30 

A solution of methyl 4-amino-3- (3- 
cyclopentyloxy-4-methoxyphenyl) butyrate (2 . 1 g, 6.8 
mmol) and 4- cyanobenzaldehyde (1.1 g, 8.2 mmol) in 
chloroform under an argon atmosphere was stirred for 72 
35 h at room temperature and then heated at reflux for 1.25 
h. The mixture was cooled, the solvent was removed in 
vacuo, the residue was redissolved in tetrahydrofuran 
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and a solution of anhydrous hydrochloric acid in ether 
(1.0 M, 9.0 mL) was added. The solution was evaporated 
to dryness, the residue was redissolved in absolute 
methanol and to this solution chilled to 0°C sodium 
5 cyanoborohydride (0.6 g, 9.5 mmol) was added. The 
mixture was stirred at room temperature overnight, 
partitioned between methylene chloride and dilute, cold 
sodium hydroxide. The aqueous layer was extracted, and 
the combined organic layers washed with water and dried 

10 (potassium carbonate) The solvent was removed in 

vacuo, the residue was dissolved in ethyl acetate and 
washed with water two times. The organic layer was 
dried (sodium sulfate) and evaporated. Purification by 
flash chromatography, eluting with 75% ethyl 

15 acetate/hexanes, provided a slid of the title compound 
(1.4 g, 44%): m.p. 92-93°C. 

Analysis CalC. for C24 H 26 N 2°3 : C 73.82, H. 6.71, N 
7.17; found: C 73.78, H 6.95, N 7.12 

20 F.yAMPT.Fi 33 

i-m- LLiImj H**ni t>*n 7 .vl 1 -4- (3-rvcl opentvl oxv-4- 
Tnpj-hnyyphen yl 1 -2-pyT-rol idinone 

A solution of methyl 4-amino-3- (3- 
25 cyclopentyloxy-4-methoxyphenyl)butyrate (0.46 g, 1.4 
mmol) and 4- (l-imidazo)benzaldehyde (0.29 g, 1.7 mmol) 
in chloroform under an argon atmosphere was heated at 
reflux. for one hour. The mixture was cooled, the 
solvent was removed in vacuo, the residue was 
30 redissolved in tetrahydrof uran and a solution of 

anhydrous hydrochloric acid in ether (1.0 M, 2.0 mmol) 
was added. The solution was evaporated to dryness, the 
residue was redissolved in absolute methanol, chilled in 
an ice bath and a solution of sodium cyanoborohydride 
35 (6.15 g, 2.3 mmol) in methanol was added. The mixture 
warmed to 20°C over 1.5 h, was kept at 5°C for 16 h and 
concentrated in vacuo. The residue was partitioned 
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between methylene chloride and dilute, eld sodium 
hydroxide. The organic layer was washed with water and 
dried (potassium carbonate) . The residue after 
concentration, was dissolved in toluene with a catalytic 
5 amount of sodium cyanide and was refluxed for 24 h. The 
solvent was removed in vacuo, the residue was dissolved 
in ethyl acetate and washed with water tow times . The 
organic layer was dried (sodium sulfate) and evaporated. 

Purification by successive flash chromatographies, first 
10 with a gradient of 2-10% methanol/chloroform and then 

with a gradient of -=2% methanol in chloroform 
(equilibrated with ammonium hydroxide and dried over 

potassium carbonate) provided a brittle resin of the 

title compound (159 mg, 26%) . 
15 Ana l ysis Calc. for C26H29N3O3 -1/2H 2 0: C 70.89, H 6.86, 

N 9.53; found: C 70.91, H 7.12, N 9.29. 

EXAMPLE 34 

l-f4-hvriroxvbenzvl) -4- r?-rvr1nppntvlo yY -^ 
20 methoxvphenvl ) >9-pvrrn1 -I flj nnnp 

A solution of methyl 4-amino-3- (3- 
cyclopentyloxy-4-methoxyphenyl) butyrate (2 . 1 g, 6.6 
mmol) and 4-hydroxybenz aldehyde (0.94 g, 7.5 mmol) in 
25 chloroform under an argon atmosphere was heated at 

reflux for 1.5 h. The mixture was cooled, the solvent 
was removed in vacuo, the residue was redissolved in 
tetrahydrofuran and a solution of anhydrous hydrochloric 
acid in ether (1.0 M, 7.4 itlL) was added. The solution 
30 was evaporated to dryness, the residue was redissolved 
in absolute methanol, chilled in an ice bath and sodium 
cyanoborohydride (0.55 g, 8.7 mmol) was added. The 
mixture was warmed to room temperature overnight, 
concentrated in vacuo and the residue partitioned 
35 between methylene chloride and dilute, eld sodium 

hydroxide. The organic layer was washed with water and 
dried (sodium sulfate) . The residue was dissolved in 
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toluene with a catalytic amount of sodium cyanide and 

was refluxed for 1.5 h. The solvent was removed in 

vacuo, the residue was dissolved in methylene chloride 

and washed with water two times- The organic layer was 

5 dried (potassium carbonate) and evaporated. 

Purification by flash chromatography, eluting with 50- 

90% ethyl acetate/hexanes, and crystallization from 

ethyl ether. provided a -solid of the title compound (934 

mg, 37%): m.p. 118-120°C. 
10 Analysis Calc. for C23H27N0 4 : C 72.42, H 7.13, N 3.67; 

found: C 72.33, H 7.17, N 3.59. 

KYAMPTjE 35 

1 - rF.i-.hy 3 2- M -*rrH nnnhpnvl ) acet ato3 -4- (3-CVClPPentVlOKV- 
15 W?-pvrrolidinone 

a) Mgf.hyl 4- fN- f4-l -^nt.nxvrarhftnylaminQ-l-carbof»thQXV 
V^ngyl ^ aTTiin ft l-^ r VcyrlopentvT oxv-4-methQXVPhenvl) - 

butanoate To a solution of methyl 3-cyano-3- (3- 
20 cyclopentyloxy-4-methoxyphenyl) propionate (484 mg, 1.6 
mmol) in methanol (20 mL) was added 70% perchloric acid 
(155 mL, 1.7 mmol) and 10% palladium on carbon (12 mg) . 
The resulting mixture was hydrogenated at 50 psi for 2 h 
and filtered through a pad of celite. The filtrate was 
25 concentrated in vacuo. The solid residue was 

partitioned between methylene chloride and aqueous 
sodium carbonate, washed an additional time with aqueous 
sodium bicarbonate and the organic layer was dried 
(sodium sulfate) . The solvent was removed in vacuo, the 
30 residue dissolved in dimethyl formamide (5 mL) and 
treated with ethyl 2-chloro-2- (4-t- 

butoxycarbonylaminophenyl) acetate (503 mg, 1.6 mmol), 
sodium iodide (240 mg, 0.32 mmol) and triethylamine (225 
mL, 1.6 mmol) . After stirring at room temperature under 
35 an argon atmosphere for 1 h, the residue was partitioned 
between ether and water and extracted several times. 
The organic extract was dried (magnesium sulfate) and 
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evaporated. Purification by flash chromatography, 
eluting with 3:7 ethyl acetate/hexanes, provided the 
product (718 mg f 77%) . 

5 *>) 1 " TEthvl ?- f4-f-but.QXvnarbnny1 ami nnphpn y l } *nc>t-*1-r>1 - 
4~ f OPentvl oxv-4-mfit.hoxvDhPnyl 1 ^-pyrrn l idinnnp A 
solution of Methyl 4- [N- (4-t-butoxycarbonylamino-l- 
carboethoxybenzyl) amine] -3- (3-cyclopentyloxy-4- 
methoxyphenyl)butanoate (1.8 g, 309 romol) in 
10 dimethylformamide (30 mL) was treated with a catalytic 
amount of sodium cyanide and dimethyl aminopyridine (378 
mg, 3.1 mmol) and heated at 95-100°C for 20 h. The 
reaction mixture was partitioned between ether and water 
several times and the organic extracts were dried 
15 (magnesium sulfate) and evaporated. Purification by 
flash chromatography, eluting with 4:6 ethyl 
acetate/hexanes, provided a yellow foam (840 mg, 49%) . 

20 CYC ] OPffnt V3 OXV-4-metboxvohf>nv1 1 -?- p vrrolidinnnp a 
solution of 1- [ethyl 2- (4-t-butoxycarbonylamino- 
phenyl) acetato] -4- (3-cyclopentyloxy-4-methoxyphenyl) -2- 
pyrrolidinone (920 mg, 1.67 mmol) in methylene chloride 
(20 mL) was cooled to 0°C and treated with 
25 trifluoroacetic acid (20 mL) and stirred at room 

temperature for 24 h. The reaction was quenched by 
adding solid sodium bicarbonate and the reaction mixture 
was partitioned between methylene chloride and water. 
The organic extract was dried (potassium carbonate) and 
30 evaporated. Purification by flash chromatography, 
eluting with 4:6 ethyl acetate /hexanes, provided the 
product (647 mg, 86%). 

AnaJyfiifi Calc. for C 2 6H32N 2 0 5 -1H 2 0: C 66.36, H 7.28, N 
5.95; found: C 66.11, H 6.89, N 5.66. 
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1 - rret-hvl 2- (4-acf>i-*nH dnph^nvl ) acet at.ol -4- ( 3- 
ryrl nnen t yl nyv->4-Tnfithoxvphfinvl) -2-PVrrQlidinone 

5 A solution of 1- [ethyl 2- (4-amino- 

phenyl) acetato] -4- (3-cyclopentyloxy-4-methoxyphenyl) -2- 

pyrrolidinone (53.4 mg, 0.12 mmol) in methylene chloride 

(0.25 mL) was treated dropwise with a solution of acetic 

anhydride (35 mL, 0.36 mmol) in methylene chloride (1 

10 mL) and pyridine (3 drops) . -, After stirring for 3 h 

under an argon atmosphere, the reaction mixture was 

purified by flash chromatography, eluting with 7:3 ethyl 

acetate/hexanes, to provide an oil of the title compound 

(55.1 mg, 94%) . 
15 Analysis Calc. for C 2 8H34 N 2°6 : c 68.00, H 6.93, N 

5.66; found: C 67.91, H 7.18, N 5.54. 



KX AMPLE 37 
M-Argl-aTnirf npbgmv-n arpf ir arid! -4- (3- 
ryri npw tyl ) -2-Pvrro.l i dinone 

A solution of 1- [ethyl 2- (4-aminophenyl) - 
acetato] -4- (3-cyclopentyloxy-4-methoxyphenyl) -2- 
pyrrolidinone (212 mg, 0.43 mmol) in ethanol (5 mL) was 
treated with lithium hydroxide monohydrate (55 mg, 1.29 
mmol) and stirred for 1 h. The solvent was removed in 
vacuo and the resin was dissolved in water and acidified 
with 10% aqueous hydrochloric acid. The product was 
extracted with 95:5 methylene chloride/methanol and the 
organic extract was dried (magnesium sulfate) and 
evaporated to provide the title compound (174 mg, 88%) . 
Analysis Calc . for C 2 6 H 30 N 2°6 ' 3/8H 2 0 : C 65.98, H 6.55, 

N 5.92; found: C 65.94, H 6.54, N 5.79. 
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KXAMPT.F. ^ft 

1 (^-Amino1-.hi Qcarbonvlben7v1 ) -4- f.V r vrl nppntyloyy- 
4-methoxvr>henv1 > -2-pvrrnl j riS nrmo 

5 A solution of 1- (4-cyanobenzyl) -4- (3- 

cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone, 
prepared as in Example 32 (850 mg, 2.18 mmol) in 
methanol (25 mL) in a pressure vessel, was treated with 
ammonium sulfide (15 mL, 53 mmol of a 23.9% solution). 
10 The vessel was sealed and the reaction stirred for 1 h 
at 65-75 °C. The reaction mixture was concentrated in 
vacuo, water added and the aqueous phase extracted three 
times with methylene chloride. The extracts were washed 
with water two times, dried (sodium sulfate) and 
15 evaporated to a yellow residue. The residue was 

crystallized from ethanol /water . Purification by flash 
chromatography, eluting with 60-75% ethyl 
acetate/methylene chloride followed by crystallization 
from ethyl acetate/ethyl ether provided a yellow solid 
20 (682 mg, 74%): m.p. 85.5-87.5°C. 

Analysis Calc. for C24H28N2O3S: C 67.90, H 6.65, N 

6.60/ found: C 67.63, H 6.81, N 6.38. 

EXAMPT.F. 3 9 

25 l-(4'MethvlmercaPtonarhiTnTnnhPn7 vI) -4- n-cvclnppnt.vlnvy 
4-methOXVPhftnvl ) -2-PVrrol idinong h ydro* Qdj 

A solution of 1- (4-aminothiocarbonylbenzyl) -4- 
(3-cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone from 
Example 38 (290 mg, 0.68 mmol) in acetone (4 mL) was 
treated with methyl iodide (100 mL, 1.61 mmol). The 
reaction was capped and stirred for 18 h at room 
temperature. Ethyl ether was added to complete the 
formation of a cream colored solid which was removed by 
filtration and washed with ether (336 mg, 87%): m.p. 
170-172°C. 
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Analysis Calc . for C25H30N2Q3S • HI : C 53.01, H 5.52, N 
4.95; found: C 52.99, H 5.51, N 4.68. 

fiX AMPLE 40. 

1 - M-FQT-maTT.-iriini nTn^ny.vl^ -A- n-rvrl OPentVlOXV- 
5 d-TnP-rhOTfYpVignYl ) -?-pyrrn1 i rii none acetate 

A suspension of 1- (4-methylmercapto- 

carbiminobenzyl) -4- (3-cyclopentyloxy-4-methoxyphenyl) -2- 

pyrrolidinone hydroiodide prepared as in Example 39 (350 

10 mg, 0.62 mmol) and ammonium acetate (151 mg, 1.95 mmol) 

in ethanol (1.8 mL) was heated at 90-95°C under an argon 

atmosphere for 1 h. The reaction mixture was allowed to 

cool, and the white crystals were collected and washed 

sequentially with methanol and ethyl ether (234 mg, 

15 78%) : m.p. 186-188°C. 

Analysis Calc . for C24H29N3O3 ^I^O-^O: C 64.31, H 

7.26, N 8.65; found: C 64.63, H 7.32, N 8.56. 

TnpfhnvvphPnvi \ -7-nvrrol i dinone 

A solution of the 1- (4-f ormamidiniumbenzyl) -4- 
(3-cyclopentyloxy-4-methoxy-phenyl)-2-pyrrolidinone 

25 acetate of Example 40 (183 mg, 0.38 mmol) in chloroform 
was treated with 10% sodium hydroxide and ice. This 
mixture was extracted with chloroform, and the organic 
layer dried (potassium carbonate) and evaporated to a 
residue of the formamidine. The residue was dissolved 

30 in chloroform (20 mL) under an argon atmosphere and was 
treated with chloroacetaldehyde (113 mL, 0.28 mmol of a 
50% aqueous solution) and triethylamine (119 mL, 0.86 
mmol) . The mixture was heated at reflux for 5 h and 
allowed to stir at room temperature for 86 h. The 

35 solvent was removed in vacuo and the residue was 

purified by flash chromatography and eluted with 0.5-1% 
methanol /chloroform. The residue was dissolved in ethyl 
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acetate/ethanol and extracted with cold 10% aqueous 
hydrochloric acid. The acid extracts were washed four 
times with ethyl acetate and the aqueous layer made 
alkaline with aqueous sodium carbonate and extracted 
5 three times with methylene chloride . The combined 

methylene chloride phase was dried (potassium carbonate) 
and- evaporated to provide a brittle resin (44 mg, 27%) . 
Analysis Calc. for C26H29N303 -1/2H 2 0: C 70,89, H 6.86, 

N 9.54; found: C 70.95, H 6.75, N 9.21. 

10 

EXftMELE 4? 

1- ( 4-Dimgthv] ami nnrarhonvlhpn^yl ) -4- f3- 
CVClQDentvlQXV-4-Tnethoyyphenvl^ ^pvrrolidinonP 

15 A solution of 1- (4-carboxybenzyl) -4- (3- 

cyclopentyloxy-4-methoxyphenyl ) -2-pyrrolidinone from 
Example 3 (225 mg, 0.62 mmol) in tetrahydrofuran (15 mL) 
under an argon atmosphere was treated with the dropwise 
addition of N-methylmorpholine (112 mL, 1.02 mmol). In 
20 a second flask, dimethylamine (15 mL) was bubbled into a 
-78 °C solution of dry tetrahydrofuran (15 mL) . The 
solution of the acid and the N-methylmorpholine was then 
treated with isobutyl chloroformate (135 mL, 10.2 mmol) 
and allowed to stir for 7 min under an argon atmosphere. 
25 The mixed anhydride suspension was transferred via 

cannula to the flask containing the amine and the cold 
bath was removed. After 15 min, the reaction was 
concentrated in vacuo and partitioned between ethyl 
acetate and aqueous sodium carbonate. The aqueous phase 
30 was extracted with ethyl acetate and the combined 

organic extracts were washed with water, dried (sodium 
sulfate) and evaporated. Purification by flash 
chromatography, eluting with 4-6% methanol in ethyl 
acetate, provided a resin (104 mg, 38%) . 
35 Analysis Calc. for C 2 6H32N204-l/5H 2 O: C 70.95, H 7.42, 

N 6.36; found: C 70.94, H 7.26, N 6.31. 



BNSDOCID: <VJO 9219594A1_I_> 



WO 92/19594 



PCT/US92/03613 



EX&MELE 4 3 

1-M>Ar.fitnyvhfin7v1)-4- (3-CVClot>ent vloxv-4- 
Tn^thovyphfinvl ) -2-t>vrro1 id 3 none 

5 A solution of 1- (4-hydroxybenzyl) -4- (3- 

cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone, 
prepared as in Example 34 (239 mg, 0.63 mmol) in 
pyridine (2 mL) at 0°C was treated with the dropwise 
addition of acetic anhydride (160 mL, 1.7 mmol) and 

10 allowed to stir for 72 h under an argon atmosphere. The 
reaction was poured into ice cold aqueous hydrochloric 
acid and extracted twice with ethyl acetate. The 
organic extracts were washed with cold dilute 
hydrochloric acid, cold water and cold aqueous sodium 

15 bicarbonate. The extracts were dried (sodium sulfate) 
and evaporated. Purification by flash chromatography, 
eluting with 60% ethyl acetate/hexanes, provided a resin 
(148 mg, 55.5%) . 

Analysis Calc. for C25H29NO5: C 70.90, H 6.90, N 3.31; 
20 found: C 70.71, H 7.00, N 3.25. 

FXAMPLE 4 4 

T„ M-AH^amirio-2- *Tninobenzvl) -4- (3-cvclQPentvloxv- 
4~Tnetihnxyphenyl> -2-pvrrolidinone 

25 

a) i > -4- (3-cvcl opentvloxv-4- 
mftthnyvphpnyl ) - 2 - pyrrn 1 i ri 3 none . and 1 - ( 2-AminQ-4 - 
nitrnh^7 Y 1 ) 0 40 H-nvrl opentvloxv--4-methoxvphenvl ) -2- 
pyrrnlirfinnnfi . A suspension of 1- (2,4-dinitrobenzyl) -4- 

30 (3-cyclopentyloxy-4-methoxyphenyl> -2-pyrrolidinone from 
Example 29 (426 mg, 0.94 mmol) in ethanol (60 mL) was 
treated with three portions of ammonium sulfide (1.67 g 
total, 23.9% solution in ethanol, 5.9 mm total) and 
heated to reflux for 10 min after each addition and 

35 subsequently allowed to stir at room temperature for 18 
h under an argon atmosphere. The solvent was removed in 
vacuo and the residue purified by flash chromatography. 
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Elution with 50-60% ethyl acetate /hexanes afforded the 
2-amino-4-nitro isomer (140 mg, 35%) while continued 
elution with 70-90% ethyl acetate /hexanes provided the 
4-amino-2-nitro isomer (180 mg, 45%) . 

5 

b) 1- ( 4-Acetamlrio-?-ni1:robgnzv1 ) -4- f^-pyr 1 npentvlnyy- 
4-mer.hoxvphenv3 ) -2-pvr-T-ol j dj non P . a solution of l-(4- 
amino-2-nitrobenzylbenzyl) -4- (3-cyclopentyloxy-4- 
methoxyphenyl) -2-pyrrolidinone (180 mg,, 0.42 mmol) in 
10 pyridine cooled to 0°C was treated dropwise with acetic 
anhydride (105 mL, 1.1 mmol). The reaction was allowed 
to stir for 18 h at room temperature under an argon 
atmosphere. The reaction was poured into ice cold 
aqueous hydrochloric acid and extracted twice with ethyl 
15 acetate. The organic extracts were washed with cold 
dilute hydrochloric acid, cold water and cold aqueous 
sodium bicarbonate. The extracts were dried (sodium 
sulfate) and evaporated. Purification by flash 
chromatography,, eluting with 60% ethyl acetate/hexanes, 
20 provided a resin (200 mg, 100%). 

C) 1- (4-Acetamirio-?-aminobfinzvl ) -4- <3-r.yr_l opent- yl nyy- 

4-inethQXYPhffnYl ) -2-pyrrolidi none . A solution of l-(2- 
nitro-4-acetamidobenzyl) -4- (3-cyclopentyloxy-4- 
25 methoxyphenyl) -2-pyrrolidinone (814 mg, 0.42 mmol) in 
methanol (4 mL) and tetrahydrofuran (3 mL) was . treated 
with 10% palladium on carbon (43 mg) and ammonium 
formate (400 mg, 6.35 mmol) . The reaction was allowed 
to stir under argon for 5 h, then filtered through 
30 celite. The solvent was removed in vacuo and the 
residue was partitioned between cold aqueous sodium 
carbonate and chloroform. The organic extracts were 
washed with water, dried (potassium carbonate) and 
evaporated. Purification by flash chromatography, 
35 eluting with 75-100% ethyl acetate/methylene chloride, 
followed by recrystallization from warm ethyl acetate 
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and washing with ether provided orange crystals (35 mg, 
20%): m.p. 184-186°C. 

Analysis Calc . for C25H31N304 . 1 /4H20 : C 67.93, H 7.18, 
N 9.51; found: C 68.08, H 7.13, N 9.22. 

5 

1- f?-Ar;g1-am!do-4-*T!n nob ^ny.yl ) -A- (3-cvd opentvl QXV 
4-mfithnxypbPnvl^?-pvrrolidinQne 

10 A solution of 1- (2-amino-4-nitrobenzyl) -4- (3- 

cyclopentyloxy-4-methoxyphyenyl) -2-pyrrolidinone from 
Example 44 (140 mg, 0.33 mmol) in pyridine , cooled to 0°C 
was treated dropwise with acetic anhydride (100 »iL/ 1*1 
mmol) . The reaction mixture was allowed to stir for 24 

15 h at room temperature under an argon atmosphere, and 

submitted to another two cycles of treatment with acetic 
anhydride (200 mL, 2.2 mmol; 400 \iL, 4.4 mmol) . The 
reaction was poured into ice cold aqueous hydrochloric 
acid and extracted twice with methylene chloride. The 

20 organic extracts were washed with cold dilute 

hydrochloric acid, cold water and 10% aqueous sodium 
hydroxide. The extracts were dried (potassium 
carbonate) and evaporated to provide an oil (114 mg, 
74%) . 1- (2-Acetamido-4-aminobenzyl) -4- (3- 

25 cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone . A 
* solution of 1- (4-nitro-2-acetamidobenzyl) -4- (3- 
cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone (114 mg, 
0.24 mmol) in methanol (10 mL) and tetrahydrofuran (1.5 
mL) was treated with 10% palladium on carbon (32 mg) and 

30 ammonium formate (246 mg, 3.9 mmol). The reaction was 
allowed to stir under argon for 4 h, then filtered 
through celite. The solvent was removed in vacuo and 
the residue was partitioned between cold aqueous sodium 
carbonate and methylene chloride. The organic extracts 

35 were washed with water, dried (potassium carbonate) and 
evaporated to provide a glass (75 mg, 71%) . 
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5 



10 



15 



aaalgSia, Calc. for C 2 5H3lN 3 0 4 : C 68.63, H 7.14, N 9.60; 
fund: C 68,63, H ,7.25, N 9.40. 

EX'AMPT.'R 4£ 

1-F3- I2=£h2 orgfl^fftTni rk?)benzvl 1 -4- Q^sscJ "ppnfvi o yy - 4 - 
methnyvphenvl ) -?-nvrrni i rH n o nr 

To a mixture of 1- (3-aminobenzyl) -4- (3- 
cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone (0.23 
g, 0.6 mmol) and powdered sodium carbonate (0.13 g, 
1.21 mmol) in dry acetone (4 mL) under an argon 
atmosphere at room temperature was added dropwise 
chloroacetyl chloride (0.09 mL, 1.13 irimol) . After 
stirring for 4h, the solvent was removed under a stream 
of argon and the residue was partitioned between 
methylene chloride and ice water containing dilute 
hydrochloric acid. The aqueous layer was extracted 
three times with methylene chloride, the combined 
organic extract was dried (sodium sulfate) and the 
solvent was removed in vacuo. Half of the residue was 
purified by flash chromatography, eluting with 1:1 
ether /methylene chloride, and the other half was 
purified by flash chromatography, eluting with 45-60% 
ethyl acetate/methylene chloride, to provide a foam of 
the title compound (0.22 g, 80%). 

analysis Calc. for C25H29C1N204 : C 65.71, H 6.40, 
N 6.13; found : C 65.72, H 6.40, N 5.99. 

30 EXAMPLE 4 7 

1 - f 4- (?-Hii oroacel-rimi do) benzvi / w y r1 nr^nryi n^y-4 , - 
methoxvphenvl > -? -pyrrol -i dj nrnf , 

35 l -r-4-f?-Chloroacetamifio)h>^n^vi n -ryrn n pon tvi r>v Y -^- 
methoxvpnenvl ) -?-wrmi ^^r,^ To a mixture of l-(4- 
aminobenzyl) -4- (3-cyclopentyloxy-4-methoxyphenyl) -2- 



20 



25 
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pyrrolidinone (0.35 g, 0.92 mmol) and powdered sodium 
carbonate (0.195 g, 1.84 mmol) in dry acetone (8 mL) 
under an argon atmosphere at room temperature was added 
dropwise chloroacetylchloride (0.132 mL, 1.66 mmol). 
5 After stirring for 1.5h, the solvent was removed and 
the residue was partitioned between methylene chloride 
and ice water containing dilute hydrochloric acid. The 
organic extract was washed twice with water, dried 
(soidum sulfate) and the solvent was removed in vacuo. 

10 The residue was purified by flash chromatography, 

eluting with 45-60% ethyl acetate/methylene chloride, 
and the product was triturated with ether to provided a 
white solid (0.35 g, 83%): of the title compound: 
m.p. 136-139°C. 

15 Analysis CalC . for C25H29C1N204 : C 65.71, H 6.40, 

N 6.13; found : C 65.74, H 6.36, N 6.06. 

F.VRMPT.F. 4B 

20 &- ^-r.yol npgnl-v l oyy-4-TrwM-hnxvphpnvl ) -1- T4- (4 . 4- 

rii Tn^1-hy1 -?-nvs7.o1 "i n-?-v1 rarhnnvl ami no) bf>n?:v1 1 -2- 

py-r-T-nl idinone 



a ) A- n-Pvr l npgnrvl nvy-zl-mPthoyvphCTvl ) -1- T4- (N-l- 
25 byri-rr.vv-?-m^t- hv] -?-prnp y 1 rarhami rinr.rirbami do) bftnzvl 1 ~2~ 
pyT-rol i di none To a solution of 1- (4-N-carbomethoxy- 
carbamidobenzyl) -4- (3-cyclopentyloxy-4-methoxyphenyl) - 
2 -pyrrolidinone (0.125 g, 0.27 mmol) in alumina-treated 
chloroform (10 mL) was added 2-amino-2-methylpropanol 
30 (0.051 mL, 0.54 mmol) and the mixture was stirred under 
an argon atmosphere overnight. Additional 2-amino-2T- 
methylpropanol (0.037 mL, 0.27 mmol) was added and 
stirring was continued for 8h. The chloroform was 
extracted with dilute hydrochloric acid, washed with 
35 water and dried (sodium sulfate). The solvent was 

removed in vacuo and the residue was purified by flash 
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chromatography, eluting with 2% methanol in chloroform, 
to provide an oil (0.106 g, 79%). 

pyrrol id i none To a solution of diethylaminosulfur 
trifluoride (0.054 mL, 0.4 mmol) in dry methylene 
chloride (15 mL) at -45 °C under an argon atmosphere was 
added dropwise over 40 min a solution of 4-(3-cyclo- 
10 pentyl-oxy-4-methoxyphenyl) -1- [4- (N-l-hydroxy-2-methyl-2- 
propylcarbamidocarbamido) benzyl] -2 -pyrrolidinone (0.106 
g, 0.2 mmol) in dry methylene chloride (2.5 mL and then a 
6 mL rinse). After 0.75h at -45°C, 5% aqueous sodium 
carbonate (5mL) was added, the mixture was allowed to warm 
15 to room temperature the organic layer was separated, dried 
(potassium carbonate) and evaporated. The residue was 
purified by flash chromatography, eluting with 2% methanol 
in chloroform, to provide a resin of the title compound 
(0.071 g, 70%) . 
20 Analy t <?ifi Calc. for C29H35N3O5 : C 68.89, H 6.98, 
N 8.31; found : C 68.56, H 6.94, N 8.18. 

EXAMPLK 4q 

25 4- f 3-CVClOPent.v3 OXV-4-TT)Rthoxvphgn y 1 ) -1 - F4- (?-n*a*nl j n- 
2-vlcarbonvlann no ) bemzvl 1 -?-p Y rr Q lidi nono 

a) 4- f 3-Cvclopentv3 oxv-4-niethoxvphPn vi ) -l-ri- m-?- 

hvdrQXvethvlcarbamjdocarbamidobfin^yl 
30 To a solution of 1- (4-N-carbomethoxycarbamidobenzyl) -4- 

(3-cyclopentyloxy-4-methoxyphenyl)-2-pyrrolidinone 

(0.185 g, 0.4 mmol) in alumina-treated chloroform (10 
mL) was added ethanolamine (0.049 mL, 0.81 mmol) and the 
mixture was stirred under an argon atmosphere overnight. 
35 The solvent was removed in vacuo and the residue was 
purified by flash chromatography, eluting with 2-3% 
methanol in chloroform, and the product was triturated 
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with ether to provide a white solid (0.175 g, 8 9%) : 
m.p. 133-134°C. 

b) A- f npftntvlnvY-4-met.hQXVPhenvl ) -1 = \4- (2- 

5 nva7.n1 4 n-?-y1 rarh nnyl aminn^ h^ngy! 1 -?-Pvrro] i dinone To 
a solution of diethylaminosulfur trifluoride (0*052 mL, 
0.39 mmol) in dry methylene chloride (15 mL) at -40°C 
under an argon atmosphere was added dropwise over 40 
min a solution of 4- (3-cyclopentyloxy-4-methoxyphenyl) - 

10 1- [4- (N-2-hydroxyethylcarbamidocarbamidobenzyl] -2- 
pyrrolidinone (0.13 g, 0.26 mmol) in dry methylene 
chloride (10 mL) . After lh at -40 °C, additional 
diethylaminosulfur trifluoride (0.02 mL, 0.15 mmol) was 
added. After lh f 5% aqueous sodium carbonate (4 mL) was 

15 added, the mixture was allowed to warm to room 

temperature the organic layer was separated, dried 
(potassium carbonate) and evaporated. The residue was 
purified by successive flash chromatographies , eluting 
in the first with 20% acetone in methylene chloride and 

20 in the second with 2.5% methanol in chloroform, to 

provide a white solid (0.05 g, 40%) of the title 

© 

compound: m.p. 164-165 C. 

Analysis Calc . for C27H31N3O5 : C 67.91, H 6.54, 
N 8.80; found : C 67.75, H 6.53, N 8.62. 

25 

FYAMPT.F. 50 

4. i-i-r.yrl nppn t yloxv-4-mpt.hoxvphenvl) -1- H- 
pyT-nvaTTiiH nV>^7yn-?-pvrro1 idinone 

30 

To 1- (4-aminobenzyl)-4- (3-cyclopentyloxy-4- 
methoxyphenyl) -2-pyrrolidinone (0.183 g, 0.48 mmol) in 
dry methylene chloride (7 mL) under an argon atmosphere 
at room temperature was added dropwise a solution of 
35 pyruvoyl chloride (39.1% in carbon tetrachloride, 0.1 
mL, 0.48 mmol). After stirring for 4h, the mixture was 
poured into ice cold 5% aqueous sodium bicarbonate and 
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extracted three times with methylene chloride The 
organic extract was dried (sodium sulfate) and the 
solvent was removed in vacuo. The residue was combined 
with the product of a similar reaction conducted on 1- 
(4-aminobenzyl) -4- (3-cyclopentyloxy-4-methoxyphenyl) -2- 
pyrrolidinone (54 mg, 0.12 mmol) and was purified by 
flash chromatography, eluting with 20-25% ethyl 
acetate/methylene chloride. The product was triturated 
with ether to provided a solid of the title compound 
(0.20 g, 72%): m. p. 95-97°C. 

AnaJyfii S Calc. for C26H30N2O5 : C 69.31, H 6.71, 
N 6.22; found : C 69.02, H 6.59, N 6.29. 

By the methods given above, the following 
compounds were made. 

EX AMP T. P. 51 

S- (-) -3 ~ (4-Amino-3 . 5-diTm*thoxvhf=m7.vl \ -4- n 
oentvl oxv-4-mfithoxvphenvl ) -?-pyrrnl -i rii nnnp 

20 

A resin: Analysis Calc. for C25H32N2O3 -1/2 H2O: C 71.91, 
H 7.97, N 6.71; found : C 71.88, H 7.92, N 6.57. 

EXAMPLE 52 

25 

S- <•-> -1 - f4-Acet:amido-3 , S-diTnpl-hoxybgnzyl ) -4- <1- 
cvclopen-hvloxv-4-Tnghhoyvr.hPnvl ) -7-pvrrnl i riinnno 

A solid, m.p. 166-169°C: Analysis Calc. for C27H34N2O4 - 1/4 

30 H20: C 71.26, H 7.64, N 6.16/ found: C 71.27, H 7.54, 
N 6.04. 

EXAMPLE S3 



10 



1- (4-Aminobenzvl) -4- (3. 4-bis-dif Innromet.hnx yphanvl 1 -7- 
35 pyrrolidinone 
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A resin: ftnalgsJ S Calc. for C19H18F4N2O3 • 1/4 H2O: C 56.65, 
H 4.63, N 6.95; found : C 56.71, H 4.62, N 6.80. 

F.YAMPT.F. 54 

5 

3 - tg-agstamj HnhPP7vl ) -4 - a - -a-v^i s-rtif luorornerhoxvPhenvl) - 
7-pyrrol idinone 

A solid, m.p. 131-132°C: Analysis Calc. for C21H20F4N2O4 : 
10 C 57.27, H 4.58, N 6.36; found : C 57.15, H 4.64, N 6.21. 

F.YAMPT.F. 55 

15 ^hnwphPnvi > -2-pvrrol iriinone 

A resin: Analysis Calc. for C21H22F4N203-1/2 H2O: C 57.93, 
H 5.32, N 6.48; found : C 58.15, H 5.16, N 6.31. 

20 EX&MELE 56 

R-H^mPthoyvhPn7.vl ) -4- (3. 4-bi.S- 
rH f1imrnm pl-hr>vvphPr»Yl > -?-nvrrn1 i riinone 

25 A resin: Analysis Calc. for C23H24F4N2O4 • 1/2 H 2 0: C 57.85, 
H 5.28, N 5.87; found : C 58.03, H 5.23, N 5.69. 

F.YAMPT.F. 57 

30 a- n-rvri opom-vi 0 yy-^-inPi-hnvvwhpnv1 ) -1 -met froxvfflftt . hv 1 - 2 - 
ryr rnliriinone 

An oil: Analysis Calc. for C18H25NO4: C 67.69, H 7.89, 
N 4.39; found : C 67.50, H 7.77, N 4.34. 
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SXftMPLfi SB 

1- Benzvloxvmethvl-4- (3-Cvr;1 opgrH-yl nvv-^-mpf- hnyvphprtvl 1 - 

2- Pvrrol jdinnnp 

5 

An oil: Analysi g Calc. for C24H29NO4 • 1/4 H2O: C 72. 07, 
H 7.43, N 3.50; found : C 71.93, H 7.28, N 3.40. 

EXAMPLK 

10 

Formulations for pharmaceutical use 
incorporating compounds of the present invention can be 
prepared in various forms and with numerous excipients. 
Examples of such formulations are given below. 

IS Inhalant- •Po-rmn 1 ai- i nn 

A compound of formula I, (1 fig to 100 mg) is 
aerosolized from a metered dose inhaler to deliver the 
desired amount of drug per use. 



lablfita /Ingredients 


Pea: Tablet 


1 . Active ingredient 


4 0 mg 


(Cpd of Form. I) 


2 . Corn Starch 


20 mg 


3 . Alginic acid 


20 mg 


4 . Sodium alginate 


20 mg 


5. Mg stearate 


1.3 mg 




01.3 mg 



Procedure for Tablets: 

Step 1 Blend ingredients No. 1, No. 2, No. 3 and No. 
4 in a suitable mixer /blender. 
25 Step 2 Add sufficient water portion-wise to the blend 
from Step 1 with careful mixing after each 
addition. Such additions of water and mixing 
until the mass is of a consistency to permit 
its conversion to wet granules. 
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Step 6 



Step 5 



Step 4 



Step 3 



The wet mass is converted to granules by 

passing it through an oscillating granulator 

using a No. 8 mesh (2.38 mm) screen. 

The wet granules are then dried in an oven at 

140°F (60°C) until dry. 

The dry granules .are lubricated with 

ingredient No. 5. 

The lubricated granules are compressed on a 
suitable tablet press. 



10 



Parente ral Formulation 

A pharmaceutical composition for parenteral 
administration is prepared by dissolving an appropriate 
amount f a compound of formula I in polyethylene glycol 
with heating. This solution is then diluted with water 
for injections Ph Eur. (to 100 ml) . The solution is 
then sterilized by filtration through a 0.22 micron 
membrane filter and sealed in sterile containers. 



BNSDOCID: <WO 9219594A1_I_> 



WO 92/19594 



PCT/US92/03613 



- 80 - 

CLAIMS: 




wherein: 

Rl is Ci_x2 alkyl uhsubstituted or substituted 
by 1 or more halogens, C 3 _ 6 cyclic alkyl unsubstituted or 

substituted by 1 to 3 methyl groups or one ethyl group; 
15 C4-6 cycloalkyl containing one or two unsaturated bonds; 
c 7-ll poly cycloalkyl, <CR 14 R 14 ) n C (0) -O- <CR 14 R 14 ) m -R 10 , 
(CR 14 R 14 ) n C (O) -O- (CR 14 R 14 ) r -Rn, (CR 14 R 14 ) x OH, 
(CR 14 R 14 ) s O(CR 14 R 14 ) m -R 10/ (CRi 4 R 14 ) s O (CR 14 R 14 ) r -R n , 
(CR 14 R 14 ) n - (C (0) NR 14 ) - <CR 14 R 14 ) m -R 10 , (CR 14 R 14 ) n - 
20 (C(0)NR 14 )-(CR 14 R 14 ) r -R 11 , (CR 14 R 14 ) y -R U/ or 
(CR 14 R 14 ) 2 -R 10 ; 

Xi is 0 or S; 
X2 is 0 or NR^ 4 ; 
X3 is hydrogen or X; 
25 X is YR2, halogen, nitro, NR 14 R 14 , or 

formamide; 

Y is O or S (O)m; 

R2 is -CH3 or -CH2CH3, each may be 

unsubstituted or substituted by 1 to 5 fluorines; 
*> R 3 is hydrogen, halogen, CN, C 1 « 4 alkyl, 

halo-substituted Ci_ 4 alkyl, cyclopropyl unsubsti- 
tuted or substituted by R 9 , OR 5 , -CH2OR5, -NR 5 R 16 , 
-CH 2 NR 5 R 16 , -C(0)OR 5 , C(0)NR 5 R 16 , -CH=CR 9 Rg, -C=CRg 
or -C(=Z)H; 
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R3t is hydrogen, halogen, Ci_4alkyl, halo- 
substituted Ci_4alkyl, cyclopropyl unsubstituted or 
substituted by R 9 , -CH 2 ORs, -CI^NRsRxg, -C(0)OR 5 , 
-C(0)NR5Ris or -C(=Z)H; 
5 A is 



10 




or 



(a) (b) 



(c) Ci_3 alkyl unsubstituted or substituted by 
15 one or more fluorines or one or two R4 groups ; 

m is an integer from 0 to 2; 

n is an integer from 1 to 4; 

q is an integer from 0 to 1; 

r is an integer from 1 to 2; 

20 s is an integer from 2 to 4; 

x is an integer from 2 to 6; 

y is an integer from 1 to 6; 

z is an integer from 0 to 6; 

R4 is independently hydrogen, Br, F, CI, 

25 -NR 5 R 6 ,NR 6 R 16 , N0 2 , ~C<Z)R 7 , -S(0) m R 12 , CN, ORig, 
-OC (OJNRsRxg, 1 or 2-imidazolyl, -C (=NR 16 ) NR 5 R 16 , 
-C (=NR 5 )-SR 12 , -OC(0)CH 3 , -C (=NCN) NR5R1 5 , -C(S)NR 5 R 16 , 
-NR 1 s-C(0)-Ri5, - C(0)R 15 , oxazolyl, thiazolyl, pyrazolyl, 
triazolyl or tetrazolyl; or when R5 and R^g are as 

30 NR5R16 they may together with the nitrogen form a 5 to 

7 membered ring optionally containing at least one 

additional heteroatom selected from O, N or S; 

R5 is independently hydrogen or Ci_4alkyl, 

unsubstituted or substituted by one to three fluorines; 
35 Rg is H, R 12 , -C(0)R 12 , -C(0)C(0)R 7 , -C (0)HR 5 R 16 , 

-S(0) m Ri 2 , -S(0) m CF 3 , -C(=NCN)SR 12 , -C(=NCN)R 12 , 
-C(=NR l6 )Rl 2 / -C(=NR 16 )SR 12/ or -C <=NCN) NR 5 R 16 , 
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R 7 is ORs f -NRsRig, or R^; 
Rq is hydrogen, C(0)R7, (2-, 4- or 5- 
imidazolyl) , (3-, 4- or 5-pyrazolyl) r (4- or 5- 
triazolyl-[l,2,3]), (3- or 5-triazolyl [1,2,4] ) , (5- 
5 tetrazolyl) , (2-, 4- or 5-oxazolyl) , (3-, 4- or 5- 
isoxazolyl) , (3- or 5-oxadiazolyl [1, 2, 4] ) , (2- 
^ oxadiazolyl [1,3,4]), (2-thiadiazolyl [1, 3, 4] ) , (2- 
,4-, or 5-thiazolyl) , (2-, 4-, or 5-oxazolidinyl) 
(2-, 4-, or 5-thiazolidinyl) , or (2-, 4-, or 5- 
10 imidazolidinyl) / 

Rg is hydrogen, F or R12 • 
RlO is hydrogen, methyl, hydroxyl, aryl, 
halo substituted aryl, aryloxyCi_3alkyl, halo 
substituted aryloxyCi_3alkyl, indanyl, indenyl, 
15 C7-XI polycycloalkyl, furan, pyran, thiophene, 
thiopyran, C3-6 cycloalkyl, or a C^gcycloalkyl 
containing one or two unsaturated bonds, wherein the 
cycloalkyl and heterocyclic moieties may be 
unsubstituted or substituted by 1 to 3 methyl groups 

20 or one ethyl group; 

R\\ is 2-tetrahydropyran or 2-tetrahydro- 

thiopyran, 2-tetrahydrofuran or 2-tetrahydrothiophene 
unsubstituted or substituted by 1 to 3 methyl groups or 

one ethyl group; 
25 R12 i s C^-^alkyl unsubstituted or substi- 

tuted by one to three fluorines; 

R14 is independently hydrogen or a 

Ci_2 alk Y 1 unsubstituted or substituted by fluorine; 

Rl5 is Ci_4 alkyl unsubstituted or substituted 
30 by one or more halogens; -C(0)Ci_4 alkyl, unsubstituted 

or substituted by one or more halogens; oxazolidinyl, 
oxazolyl, thiazolyl, pyrazolyl, triazolyl, tetrazolyl, 
imidazolyl, imidazolidinyl, thiazolidinyl, isoxazolyl, 
oxadiazolyl, thiadiazolyl, morpholinyl, piperidinyl, 
35 piperazinyl, or pyrrolyl, and each of the heterocyclics 
may be unsubstituted or substituted by one or two C^-2 

alkyl groups; 
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Rig is OR5 or R5; 

Z is 0, -NR 12 , -NOR5, NCN, -C (-CN) 2 , 

-CR5NO2, -CRsC(0)0Ri2/ -CR 5 C(0)NR 5 R 5 , -C(-CN)N0 2 , 

-C(-CN)C(0)OR 12 or -C (-CN) C (0) NR5R5; 

5 or a pharmaceutically acceptable salt thereof; 

provided that n is 2 when R3.0 is OH in (CR1-4R14) n-C (O) O- 

(CR 1 4R 14 ) m -Rio / (CRi4Ri4)n-(C(0)NR 14 )-(CRi 4 Ri4) ni -Rio, 
or C(R 1 4Ri4) s O(CR 1 4Ri4) m Rio and further provided that 
at least one of the R4 or R14 groups on (a) or '(b) is not 

10 hydrogen when q is 0, R3, R3t, Kq and X3 are H; X is OR 2 , 
X 2 is 0 and Xi is O or S. 

2. A compound of claim 1 wherein Xi and X 2 
are oxygen, A is (a), X is YR 2 , Y is 0 and R x is 
CH 2 -cyclopropyl, CH 2 -C5_g cycloalkyl, C 4 _6 cycloalkyl, 

15 tetrahydrofuran, cyclopentenyl, -Ci_7 alkyl, unsubstituted 

or substituted by one or more fluorines or chlorines; or 
-(CH 2 ) 2 _40H; R 2 is a Ci_ 2 alkyl optionally substituted by 

one or more halogens, preferably fluorine or chlorine; one 
R3 is hydrogen and the other R3 is hydrogen, C=CK$ , CN, 

20 C<=Z)H, CH 2 OH, CH 2 F, CF 2 H, or CF 3 ; R3 « is hydrogen, Z is 
0, NCN or NOR5; X3 is hydrogen; R 4 is H, Br, OR16/ CN, 
• NR 5 R 6 , N0 2 , C(0)R 7f S{0) m R 12 / 1" or 2-imidazolyl, 

-0C(0)CH 3 or NHC(0)Ri5; Rs is C (0) OH, H or C(0)0Et; and 
R 14 is hydrogen, CH3, NH 2 or NHC (O) CH3 . 

25 3. A compound of claim 1 wherein R]_ is 

Ci_4 alkyl substituted by 1 or more fluorines, 
CH 2 -cyclopropyl, CH 2 -cyclopentyl, cyclopentyl or 
cyclopentenyl, R 2 is methyl or fluoro substituted 
Ci_ 2 alkyl; R3 is hydrogen, C=CH or CN; and R 4 is 

30 hydrogen, Br, NH 2 , NHC(0)CH 3 , C (0) OH, NHC (NCN) SCH3, 
NHC(0)NH 2 , N(CH 3 ) 2 , NHC (O) C (0) OCH3, NHC (0) C (O) OH, 
NHS(0) 2 CH 3 , C(0)0CH 3 , S (O) 2 CH 3 , SCH3, NHC (O) C (O) CH 3 , 
S(0)CH 3 , NHC(0)C(0)NH 2 , CN, C(0)NH 2 , NHS (O) 2 CF 3 , 
C(NH)NH 2 , 0-C(0)CH 3 , — C (O) N (CH3) 2 , 1- or 2-imidazolyl, 

35 -NHC (0) CH 2 C1, —NHC (0) — oxazolidinyl, -NHC (O) -4,4- 
dimethyl-oxazolidinyl or OH. 
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4. A compound of claim 1 wherein R^ is 
cyclopentyl, CF 3 , CH 2 F, CHF 2 , CF 2 CHF 2 , CH 2 CF 3 , CH 2 CHF 2 , 
CH3/ CH 2 -cyclopentyl, CH 2 -cyclopropyl or cyclopentenyl; 
R 2 is CF3, CHF 2 , or CH 2 CHF 2 / one R3 is hydrogen and the 
5 other R3 is hydrogen, C=CH or CN and is in the 4-position; 
one R4 is hydrogen and the other is NHC(0)CH3, NH 2/ 
NH-C(=NCN)SCH 3 , NHC (O) C0 2 CH 3 , C(0)OCH 3 , NHC(0)NH 2 , or 
NHC(0)C(0)CH 3/ NHC(0)C(0)NH 2 ; or wherein both R 4 groups 
are NH 2 or NHC(0)CH 3 ; R 8 is hydrogen and R 14 is hydrogen. 

10 

5. A compound of claim 1 selected from the 
group consisting of: 

(S) -1- (4-Aminobenzyl) -4- (3-cyclopentyloxy-4- 
15 methoxyphenyl) -2-pyrrolidinone; 

(R) -1- (4-Acetamidobenzyl) -4- (3-cyclopentyloxy-4- 
methoxyphenyl) -2-pyrrolidinone; 

20 (S) -1- (4-Acetamidobenzyl) -4- (3-cyclopentyloxy-4- 

methoxyphenyl) -2-pyrrolidone; 

R-l- (4-Acetamidobenzyl) -4- (3-cyclopentyloxy-4- 
methoxyphenyl) -2-pyrrolidone; 

25 

1- (4-0xamidobenzyl) -4- (3-cyclopentyloxy-4-methoxy- 
phenyl) -2-pyrrolidinone; 

4- (3-Cyclopentyloxy-4-methoxyphenyl) -1- (2, 4- 
30 diacetamidobenzyl) -2-pyrrolidinone ; 

4- (3-Cyclopentyloxy-4-methoxyphenyl) -1- (2, 4- 
diaminobenzyl) -2-pyrrolidinone; 

35 1- (4-Carbomethoxybenzyl) -4- (3-cyclopentyloxy-4- 

methoxyphenyl) -2-pyrrolidone ; 
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4- (3-Cyclopentyloxy-4-methoxyphenyl) -1- (4-N 1 - [N-2- 
cyano-S-methyl-isothioureido] benzyl) -2 -pyrrol idone; 

1- (4-N-Carbomethoxycarbamidobenzyl) -4-) 3- 
5 cyclopentyloxy-4-ethoxyphenyl) -2-pyrrolidone; 

4- (3-Cyclopentyloxy-4-methoxyphenyl) -1- (4-N- 
[ureido]benzyl-2-pyrrolidone; and 

10 - 4- (3-Cyclopentyloxy-4-methoxyphenyl) -1- (4- 

pyruvamidobenzyl) -2-pyrrolidinone . 

6. A pharmaceutical composition comprising a 
compound of claims 1-5 and a pharmaceutical ly acceptable 

15 carrier. 

7 . A compound according to any one of claims 
1 to 5 for use in the inhibition of the production of 
tumor necrosis factor (TNF) or prevention of a TNF 

20 mediated disease state . 

8 . A compound according to any one of claims 
1 to 5 for use in inhibiting phosphodiesterase IV. 

25 9. A compound according to any one of claims 

1 to5 for use in the treatment of allergic and 
inflammatory diseases. 

.> 

10. Use of a compound of formula (I) as 
30 defined in claim 1 in the manufacture of a medicament 
for use in the inhibition of the production of tumor 
necrosis factor (TNF) or prevention of a TNF mediated 
disease state. 



35 
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11. Use of a compound of Formula (I) as 
defined In claim 1 in the manuf acture of a medicament 
for use in inhibiting phosphodiesterase IV. 

5 12. Use of a compound of Formula (I) , as 

defined in claim 1, in the manufacture of a medicament 
for use in the treatment of allergic and inflammatory 
diseases . 

10 13. A process for producing a compound of 

Formula (I) according to claim 1 which process comprises: 

a) reacting a compound of Formula (7) 




wherein R^g is H, R17 is an alkyl or aryl group, R3 t 
is H or C(0)ORi7, R3 is H, R^2 or cyclopropyl 
25 unsubstituted or substituted by Rg, R^, X2, X and X3 

are as defined in Formula (I) or are groups 
convertable to such, with an appropriate aldehyde 
followed by reduction of the imine to provide 
compounds of Formula (7) wherein Rig is O^fC^)^/ 

30 which are further cyclized to provide compounds of 
formula I; or 

(b) compounds of Formula (7) wherein R^g is H are 
treated with appropriate activated alkylating agents, with 
35 or without a catalyst, to provide compounds of 

Formula (7) wherein R^g is CHRg (0) q (CH2 ) mA which are 

cyclized to provide compounds of Formula (I) ; or 
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(c) compounds of Formula (7) wherein R19 is H 
are cyclized to provide compounds of Formula 8 



R 1 X 2 




wherein R19 is H, which are further reacted with a 
strong base, followed by reaction with an appropriate 
activated alkylating agent to provide compounds of 
15 Formula (I) , or 

(d) for compounds of Formula (7) wherein R19 is 
H and R3 is CONH2, the compound is first protected at 
R!9 with a suitable protecting group, followed by 

20 amide dehydration, followed by removal of the 

protecting group to provide compounds of the Formula 
(7) wherein R19 is H and R3 is CN, which are then 

cyclized to provide compounds of Formula (I) , wherein 
R 3 is CN, and X and X3 are other than S(0) m R2, Br, I, 
25 NO2 or foramide, or 

(e) for compounds of Formula I wherein R3 is 
OR5, a compound of Formula (7) wherein R19 is H and R3 
is the protected or unprotected hydroxyl is alkylated 

30 on nitrogen and cyclized; or 

(f) for compounds wherein R3 is F the compounds 
of (e) are further treated with diethylamino sulfur 
trifluoride to provide the desired compound; or 
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(g) compounds of Formula (I) wherein R3 
represents the remaining R3 groups of Formula (I) , may 

be derived from the compounds of Formula XI) or (8) 
wherein R3 is CN by protection of the amide and other 
5 sensitive functionalities,, then reduction of the R3 CN 

group to CHO followed by further transformation of the 
CHO group to the desired group to give a compound of 
Formula I . 
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